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ABSTRACT 


The purpose of this thesis is to design and test a fault-tolerant reduced instruction set 
computer processor running a subset of the multiprocessor without interlocked pipelined 
stages instruction set. This processor is implemented on a field programmable gate array 
(FPGA) and will be used as the foundation for a payload processor on a cube satellite 
developed at the Naval Postgraduate School. 

This thesis begins by considering the radiation effects present in the space 
environment and the various fault-tolerant designs used to guard against specific types of 
particle events. The internal triple modular redundancy method is selected and 
implemented at each pipeline stage of the processor. Next, a target FPGA is selected 
based on the performance requirements of the processor. The Virtex-5 (registered 
trademark of Xilinx, Inc.) is selected over the ProASICS (registered trademark of 
Microsemi, Inc.) due to its enhanced capabilities and potential to support expansion for 
future applications. 

The hardware design is presented as a hybrid Verilog and schematic based design. 
The system consists of the processor and a universal asynchronous receiver/transmitter 
that reads and writes data received from a generic serial interface. The device is 
simulated to ensure proper logic functionality. Conclusions and future work are 
discussed. 
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EXECUTIVE SUMMARY 


The purpose of this research is to design a fault-tolerant, 32-bit, reduced instruction set 
computing (RISC) processor that interfaces with a universal asynchronous 
receiver/transmitter (UART) for a field programmable gate array (FPGA). This system 
serves as the first step towards developing a complete payload processor for a cube 
satellite (CubeSat) that will successfully interface with a sensor payload device attached 
via a serial connection. Development of the payload processor is a critical step in the 
advancement of CubeSat technology because it will provide the interface to new 
functionalities such as attitude control with star-trackers, imagery, and on-orbit data 
processing. 

Outer space provides a challenging environment in which to deploy and operate 
electronics. A CubeSat operating in low-Earth orbit is susceptible to numerous high 
energy particle collisions resulting from solar wind, galactic cosmic rays, and exposure to 
the inner Van Allen radiation belts. Collisions between the spacecraft and these particles 
resulting in a disruption of electronic signals within the processor are referred to as 
single-event effects (SEEs). Certain types of SEEs can be prevented through the 
implementation of fault-tolerant logic designs. The fault-tolerant design methods 
considered in this thesis are capable of preventing single-event upsets, a type of SEE 
affecting the state of a single bit in the processor. It was determined that internal triple 
modular redundancy (ITMR) would be the most suitable fault-tolerant method to handle 
errors within the processor pipeline. This is due primarily to its ability to detect and 
correct single bit errors with no interruption to the processor. 

The processor design features a standard five-stage pipeline with fetch, decode, 
execute, memory read/write, and write-back stages. Each pipeline stage is a collection of 
combinatorial logic components taking input from a pipeline register and providing 
output to the next pipeline register. The pipeline registers implement the aforementioned 
ITMR fault-tolerance, which is a set of three voter circuits for each data element and 
control signal passed between stages. The processor contains an arithmetic and logic unit 

capable of eleven mathematical operations. Instruction and data memory are triplicated in 

xvii 



the design, constituting three identical blocks of each. Both memories are byte- 
addressable. This was due in part to the simplicity of using the fixed-length 
microprocessor without interlocked pipeline stages (MIPS) instruction set architecture 
(ISA) and to enable the data memory to write single bytes it receives from the UART. 

The UART is implemented as a memory-mapped input/output (I/O) device that 
writes single-byte parallel data to a specified block within data memory and reads 
single-byte parallel data from a specified address in data memory. An interrupt service 
routine (ISR) is also included within the instruction memory for data to be written by the 
UART. When the UART has queued data it is ready to write into processor memory, it 
signals the interrupt forcing the processor to save its next program counter address and 
jump to the ISR. Once complete, the ISR jumps back to the previously saved address and 
pipeline execution can continue as before the interrupt. This implementation is somewhat 
elementary and currently only supports one I/O interface; however, the ISR is only 
executed to write data from the UART to data memory and does not require context 
preservation of the registers. 

Testing and verification of the payload processor was accomplished using 
behavioral simulation in two stages. First, the processor had to demonstrate it correctly 
handled each instruction within its ISA. This was verified by running a short program in 
which the processor attempts to execute at least one of each type of instruction. Using the 
Xilinx ISRi Simulator (ISim), we verified the output of each pipeline stage at each clock 
cycle. The second testing stage involved the integration of the UART and ISR as part of 
the system. Again, ISim was used to verify the processor entered and exited the ISR and 
wrote the data into the correct memory location. The ISA supported on the processor 
features 24 of the most common MIPS instructions capable of performing most functions 
desired on a RISC processor. Advanced multiply, divide, floating point, and other 
pseudo-instructions are not supported in this evolution; however, the processor can be 
further scaled to support their implementation. 


^ ISE® is a registered trademark of Xilinx, Inc. 



A basic framework for the payload processor on which advanced payloads will 
eventually be supported for cube satellites was presented in this thesis. Each payload 
must be eapable of passing data to a RISC proeessor that ean perform proeessing and 
storage funetions on its data. Future work should seek to develop a full-featured, fully 
tested, fault-tolerant processor supporting a wide variety of payloads. Continued 
development of the payload processor technology for CubeSats will offer the DOD a 
low-eost solution for space sensors and communications and ensure dominanee in the 
space environment. 
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I. INTRODUCTION AND OBJECTIVES 


A. PURPOSE 

Operation of electronic devices in the space environment requires increased 
redundancy in component design due to the increased probability of high-energy particle 
collisions. The sources of these particles are often the solar wind or more violent solar 
events such as galactic cosmic rays (OCRs), coronal mass ejections (CMEs), and solar 
flares. It is also possible for particles within the Earth’s magnetosphere and those 
arriving from more distant stars to interfere with electronic devices on-orbit. Collisions 
with these particles can have damaging effects on spacecraft electronics. One solution to 
this issue is to construct electronic devices with radiation-hardened materials; however, 
this process raises the cost of the component significantly. Another solution is to design 
onboard spacecraft electronics with added logic redundancy, known as fault-tolerance. 
Development of fault-tolerant machines is of primary interest to the Naval Postgraduate 
School Cube Satellite (CubeSat) Program. 

Previous research performed by the Naval Postgraduate School CubeSat Launcher 
(NPSCuL) program has focused on the design of a fault-tolerant launch sequencer that 
precisely determines the correct time and order in which to launch satellites once on orbit 
[1], [2]. Similar design concepts employed to create the launch sequencer can also be 
used to develop a payload processor, which will eventually provide an interface to a 
sensor device on any satellite. Methods and architectures previously used to develop the 
launch sequencer technology are applied towards developing a payload processor that 
interfaces with a serial-to-parallel I/O interface in this thesis. 

Field programmable gate arrays (FPGAs) can be purchased in several different 
varieties, with each one offering a unique combination of logic functionality and 
reliability. Models generally fall within the categories of commercial, industrial, military, 
and radiation-hardened (RADHARD). Commercial and industrial FPGAs are suited for 
use in common electrical applications. Military-grade FPGAs are typically manufactured 
with higher quality packaging and thermal characteristics. A RADHARD model 
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generally refers to a FPGA that has electronic and structural features providing resistance 
to all types of particle events including long-term total dose effects. CubeSat research at 
NPS is primarily interested in the application of commercial-grade FPGAs [1], [2]. The 
benefits of producing a payload processor using fault-tolerant techniques embedded in a 
commercial off-the-shelf (COTS) FPGA are cost reduction, re-configurability, and 
ownership of proprietary rights to the processor design. These benefits are explained in 
greater detail in the following paragraphs. 

Implementing fault-tolerance on a COTS FPGA is substantially cheaper than 
purchasing a RADHARD FPGA. A RADHARD model can cost ten to one-hundred 
times a COTS model. While the inherent reliability of a RADHARD FPGA is lost by 
using a COTS device, the possibility of more COTS devices being purchased and 
installed on CubeSats increases. Lowering cost and increasing reproducibility are primary 
motivating factors of CubeSat development. The gains made in cost and sacrifices made 
in hardware reliability must be met with the appropriate fault-tolerant design scheme to 
ensure the satellite is capable of operating in the space environment. 

The primary advantage of using a re-programmable logic device, particularly an 
FPGA, is its ability to reconfigure and test its logic functionality throughout development 
and while on orbit. This introduces the possibility of resetting the processor in the event 
of a hard logic fault or re-defining the processor capabilities on orbit to support new 
missions. Partial reconfiguration of the device is also possible and would allow updates to 
occur while the existing configuration is still operating. The ability to reconfigure a 
CubeSat’s processor while on orbit was discussed by Parobek in his thesis [1] but is still 
outside the scope of this thesis; however, establishing an initial design for a payload 
processor represents the next step towards implementing this capability. 

Finally, by implementing a custom payload processor design on a FPGA, the 

Department of Defense (DOD) retains proprietary rights over the associated software 

files and the ability to make modifications that exclusively enhance its own mission. It 

might become desirable to perform specific digital signal processing (DSP) algorithms on 

imagery or tune an antenna to receive frequencies within a very narrow band. If the 

payload processor is developed from base logic components using DOD intellectual 
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property, these tasks can be considered as future design requirements or configuration 
revisions. This would provide the DOD with substantial control over the implementation 
of its CubeSat assets. 

The goals of this thesis are as follows: 

• Determine the best fault-tolerant architecture to use in the payload 
processor. 

• Analyze two types of FPGAs and determine which device is most suitable 
to support the payload processor. 

• Produce a software design of the fault-tolerant processor using a software 
package that supports schematics and HDL code. 

• Interface the processor with a generic serial-to-parallel device (also 
designed in schematic or HDL code). 

• Test the processor design using logic simulation software. 

Complete design of the processor and its implementation on the selected FPGA 
cannot be realized at this early stage of development. A significant amount of further 
testing and development will be necessary to implement the processor on a FPGA. The 
focus of this thesis is on laying a basic foundation for the processor on which more 
advanced methods and technologies can be tested. 

B. PREVIOUS WORK 

1. NPSCuL Development 

NPSCuL supports the development and testing of DOD nano-satellite 
technologies by deploying CubeSats as secondary payloads on DOD launch vehicles. 
Successful demonstrations of CubeSats with sensory payloads could result in important 
surveillance and communications capabilities to be gained by the DOD. CubeSats are 
constructed in three varieties based on their size. The smallest is a single (lU) satellite 
that is 100.0 mm in transverse width and 113.5 mm in height [3]. The height of the 
CubeSat can be elongated to make double (2U) and triple (3U) CubeSats with heights of 
227.0 mm and 340.5 mm, respectively [3]. A typical lU CubeSat similar to those 
developed at NPS is displayed in Figure 1. 
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Figure 1. Standard lU CubeSat 


After a CubeSat is constructed it must be appropriately mounted on the launch 
vehicle for deployment. The eight modules shown inside of the NPSCuL box in Figure 2 
are poly-picosatellite orbital deployers (P-PODs) and are responsible for housing 
CubeSats until they are ready to be deployed. The P-PODs are typically grouped up to a 
set of eight inside of an NPSCuL box connected to an Evolved Expandable Launch 
Vehicle (EELV) Secondary Payload Adapter (ESPA). The ESPA provides the 
mechanical coupling of the P-POD to a variety of launch vehicles. Once the appropriate 
orbit is achieved, the launch sequencer opens the individual P-POD doors and deploys 
the CubeSats, which are ejected by a spring. 
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Figure 2. Eight P-PODs within a NPSCuL box. 


2. Launch Sequencer 

The task of reliably sequencing deployment of CubeSats from a P-POD was the 
motivation for the launch sequencer developed by Parobek and Brandt in their theses [1], 
[2]. From this work, it was determined that the Actel ProASICSi FPGA was best suited 
to perform the launch sequencer function of the CubeSat. This was due primarily to the 
resistance of its flash configuration memory to single-event upsets (SEUs); however, it 
was noted by Parobek that for a more general payload processor, the Xilinx Virtex-S^ 
model EPGA would be a better choice because of its increased computing capabilities 
[1]. Both products are reconsidered, and which FPGA model is most capable of 
implementing a payload processor is determined in this thesis. 


1 ProASIC3® is a registered trademark of Microsemi, Inc. 
^ Virtex-5® is a registered trademark of Xilinx, Inc. 
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3. Fault-tolerant, Pipelined Processor 

Substantial influence in the design of the payload processor was generated 
through the thesis work of Majewicz [4]. His thesis culminated in the design of the “Pix” 
triple modular redundancy (TMR) processor. The “Pix” is a 32-bit, pipelined 
microprocessor without interlocked pipeline stages (MIPS) design that uses internal TMR 
(ITMR) vice an interrupt service routine (ISR) to correct SEUs encountered in its 
pipeline. This rapid correction of SEUs combined with the adaptability of a MIPS 
architecture provided a solid framework for the payload processor; however, the pre¬ 
packaged “Pix” will not automatically function as a payload processor because it does not 
include a method to handle I/O interrupts. It is first necessary to update the design for a 
new hardware description language (HDL) and version of the Xilinx ISE Webpack 
software suite. Additionally, an I/O interrupt handling method was implemented that 
determined how the processor would read and write I/O data. 

C. DESIGN METHODOLOGY AND THESIS ORGANIZATION 

The first step in designing the payload processor was to determine the fault- 
tolerance method that would best support its desired function. A consideration of several 
variations of both triplicated and quadruplicated logic redundancies in addition to the 
potential single-event effects (SEEs) is discussed in Chapter II. The ideal fault-tolerance 
method offers sufficient redundancy against an SEU with minimal impact to logic design 
resources and signal propagation time through the circuit. 

A comparison of the basic performance requirements to the available resources on 
FPGAs, and a selection on which device and development software to implement the 
payload processor design is discussed in Chapter III. Generic CubeSats typically have 
loosely-defined design criteria. Quantification of the design parameters and requirements 
often is not finalized until the mission of a particular satellite is known; thus, the focus of 
device selection was dedicated towards determining the most capable EPGA with 
potential for expansion to support future missions. 

Following selection of the target device, we discuss the design of the logic 
components and organization of the payload processor in Chapter IV. The design closely 
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follows a typical five-stage pipeline proposed by Patterson and Hennessy [5]. This 
design does not support all of the associated instructions in the MIPS core instruction set 
architeeture (ISA). The instruetions eurrently supported by the payload processor are 
detailed in Appendix C. These instruetions represent a baseline set that allow the 
processor to perform most functions available in the core ISA. The selected instructions 
focus on memory loads and stores, register manipulation, and program execution. 

In addition to the pipeline processor, a universal asynchronous receiver/ 
transmitter (UART) was constructed to serve as an input/output (I/O) interfaee with the 
processor. Generically, a UART is representative of several I/O interfaces that exist on a 
modem personal computer including universal serial bus (USB), RS-232C, and Ethernet. 
The UART employed in this thesis is not robust enough to eonnect the payload proeessor 
to a standardized serial interfaee; however, the functionality included in the control 
signals and data closely match the RS-232C format and were used to simulate the 
processor’s ability to handle interrupts from an I/O device. 

A summary of the testing procedures used to determine that the design was fully 
functional is presented in Chapter V. The first testing phase was to verify the proeessor 
could perform all instructions included in the instmction set. This was accomplished by 
loading the instmction memory with a short program exercising its entire ISA. This 
method allows troubleshooting to occur at each pipeline stage by viewing the output of 
that stage’s combinatorial logic. Secondly, the TMR capabilities of the proeessor had to 
be tested with known errors to ensure an SEU does not propagate through more than one 
pipeline stage of the processor. Einally, testing of the interrupt service routine associated 
with the I/O interface was necessary to ensure the processor can communicate with a 
sensor deviee through a serial interfaee. 
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II. RADIATION HARDENING AND FAULT-TOLERANCE 


A. RADIATION HARDENING 

In the space environment, integrated circuits are not as protected from high 
energy particle events and radiation as those operating below the ionosphere. Even 
satellites traveling in low-Earth orbit (LEO) are exposed to hazardous solar events which 
can induce havoc within their circuitry. The impact of long-term radiation on a computer 
processor is generally referred to as total dose effects and is elaborated upon in Chapter 
III. Immediate events caused by this radiation are referred to as SEEs; however, 
subdivisions of these phenomena have also been classified according to their cause and 
severity [6]. Particle events significant to CubeSats are detailed in the following 
paragraphs. 

1. Single-Event Effect 

SEE is the general term pertaining to damage incumbent on an electronic 
component resulting from a high-energy particle event. SEEs can be classified into two 
categories based on the type of errors they produce. Soft error SEEs cause a temporary 
disruption in the operation of the processor. Recovery from a soft error SEE can be 
accomplished by clearing the processor to a safe state before resuming operation. Hard 
error SEEs permanently affect the operation of one or more components in the processor. 
These errors cannot be overcome while on-orbit by means other than physical repair of 
the damaged satellite component. Hard error SEEs are rare but can cause partial loss of 
function or total loss of a spacecraft. The fault-tolerance methods explored in this thesis 
are not capable of combating hard error SEEs. EPGAs generally must be designed with 
additional shielding and smaller feature size among other methods to significantly reduce 
the probability of a hard error SEE. 

2. Single-Event Upset 

SEUs are soft errors that cause unintended logic signal inversions to occur in 
memory modules associated with the processor. SEUs can manifest as single-bit upsets 
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(SBUs) or multiple-bit upsets (MBUs). SBUs are the most common errors encountered 
in spaceflight [6] but can generally be overcome by using an error correction code (ECC) 
for memory read operations or fault-tolerant detection for registers. MBUs become 
increasingly likely to occur as the device size decreases due to the increased density of 
transistors [7]. This occurs because the number of transistors potentially affected by a 
single high-energy particle per unit area will increase. Since processor technology 
generally follows Moore’s Law, MBUs will present more issues as devices are reduced in 
scale and increased in complexity. The fault-tolerant methods considered in this thesis 
are only guaranteed to correct SBUs, since two or three incorrect inputs to a three or 
four-input voter will result in an incorrect output. 

3. Single-Event Transient 

Single-event transients (SETs) are similar to SEUs except that they affect 
combinatorial logic instead of memory [6]. An error present in the combinatorial logic of 
the processor can propagate throughout the circuit. If a SET propagates far enough in the 
processor to become an input to a flip-flop (FF), it effectively becomes an SEU. SETs 
are dependent on the time and location of the particle strike in addition to the waveform it 
creates within the circuit following impact [8]. 

4. Single-Event Latch-up 

A single-event latch-up (SEL) is a hard error that occurs when a high-energy 
particle causes a transistor to remain frozen in a certain state [6]. SELs generally pertain 
to transistors temporarily being stuck in a single state; however, SELs can progress to 
become a permanent single-event burnout (SEB) if corrective action is not taken. 
Recycling power to the device is a common method for SEL recovery [6]. 

5. Single-Event Burnout 

A SEB is a hard error that occurs when a high-energy particle creates a short 
between the transistor gate and ground. SEBs may, but are not required to, result from an 
unattended SEL. The effects of a SEB are permanent, and the power cycling recovery 
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method used for SELs will not eradicate a SEE. If a CubeSat suffers a SEE, the entire 
mission could potentially be lost. 

B. FAULT-TOLERANCE METHODS 

Several fault-tolerant logic implementations are available to mitigate SEUs. 
Initially, techniques involving variations of TMR are explored. Then more alternative 
techniques including quadruple force decide redundancy (QFDR) and quadded logic are 
investigated. The culmination of this subsection provides resolution on the best fault- 
tolerance method for the payload processor. 

1. Triple Modular Redundancy 

TMR is accomplished by triplicating logic memory components (exclusively flip- 
flops and random access memory in the payload processor) and using majority voting 
logic to determine the correct output. Several variations of triplication are possible within 
a logic device. These variations typically differ by their level of granularity within the 
device. Finer grain TMR implementations perform voting at a lower level within the 
design. This implementation is typically more complex and requires more resources but 
provides quicker masking and correction of errors. Additionally, as transistor sizes 
become smaller, finer grain mitigation techniques are better suited to resist SEUs [7]. 
Coarser grain implementations perform logic voting at a higher level. This capitalizes on 
simplicity but sacrifices the localization of error handling. Four of the most common 
TMR implementations, block, local, global, and internal TMR, are considered for the 
payload processor. 

a. Block TMR 

Elock TMR (ETMR) is implemented by using the outputs of three high-level 
logic devices as inputs to a voter circuit. The voter then chooses the majority of the three 
logic device outputs. A graphic representation of a ETMR design for the payload 
processor is displayed in Figure 3. The primary advantage of this approach is its 
simplicity. A ETMR payload processor can be realized simply by triplicating a 32-bit 
processor template and attaching a voter. The primary disadvantage of ETMR as applied 
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to the payload processor is its inability to provide reliable error correction to the system. 
This is because a 32-bit processor does not produce a single logic output but updates 
numerous registers and memory modules on each clock cycle. Additionally, one 
processor failure in the set results in complete loss of error correction capabilities and 
potentially the entire mission [7]. A more robust form of TMR is preferable to meet the 
high reliability requirements of the space environment. 



Figure 3. BTMR circuit structure with majority voter. 


b. Local TMR 

Local TMR (LTMR) implements redundancy at the flip-flop (FF) level of logic 
structures, as displayed in Figure 4. Each FF in the payload processor acts as part of a 
triple set feeding their outputs to a voter circuit. The voter circuit provides feedback to 
the individual FFs and a single data path to the next processing stage. LTMR has the 
advantage of finer grain error correction within the processor data path, making it better 
suited than BTMR to withstand a complete failure of error correction logic. The primary 
disadvantage of LTMR is its single voter, which represents a single point of failure 
within the circuit [7]. Error correction using a feedback path on the FF is also complex 
and requires the use of additional resources when implemented on the FPGA. Thus, 
LTMR is a more suitable solution than BTMR due to its finer grain implementation but 
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still contains vulnerabilities that make it too unstable to implement in the payload 
processor. 



Figure 4. Loeal TMR eireuit structure with one majority voter. 
c. Global TMR 

Global TMR (GTMR) effeetively uses three individual proeessors running in 
parallel that output to three voting eircuits, as shown in Figure 5. GTMR offers excellent 
resistance against SEUs since each processor operates on its own memory. Like LTMR, 
error correction through a feedback path is replaced by error masking through the use of 
three voting circuits. The greatest disadvantage of GTMR is the potential eloek skew 
between the three proeessing domains [7]. GTMR also requires more logic resources, but 
the additional voting resources enable it to correct for SETs in a voter. The robustness of 
GTMR is a distinct advantage over LTMR and BTMR; however, the issue of clock skew 
generally outweighs the redundaney of using three individual clocks within the device 
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[8]. The most practical triplicated voter fault-tolerance for the payload processor is a 
GTMR approach with a single clock signal synchronizing all three circuits. 



Figure 5. Global TMR circuit structure with three clocks and three majority voters. 

d. Internal TMR 

The concept of ITMR was proposed and implemented by Majewicz in his design 
of the “Fix” TMR processor [4] and is illustrated in Figure 6. It closely follows the 
GTMR implementation but only uses one clock for all three processors. This greatly 
reduces the potential for clock race conditions within the design. Like GTMR, ITMR 
requires additional FPGA resources for voting but effectively eliminates SEUs and SETs 
in the processor. Majewicz noted the vulnerability to this approach lies in the register file, 
where no internal voting occurs [4]; however, SEUs present in the register file are voted 
out after passing through a single pipeline stage. The ITMR architecture is clearly the 
best compromise amongst TMR variants for the payload processor. 
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Figure 6. Internal TMR structure with a single clock and three majority voters. 

2. Other Fault-tolerance Approaches 

There are several other methods to implement fault-tolerance in addition to the 
TMR variants proposed. Parobek’s research into the launch sequencer considered 
quadded logic, QFDR, and triplicated interwoven redundancy (TIR) [1]. Quadded logic 
enforces fault-tolerance by quadrupling each logic gate and its inputs and appropriately 
interchanging connections of the four output signals at the next sequential set of logic 
gates. QFDR is similar to quadded logic but decides between four inputs to a FF and 
look-up table (LUT) combination. This allows QFDR to be implemented at a higher 
logic level than quadded logic. Finally, TIR triplicates logic functions and randomly 
interconnects output signals between consecutive logic blocks. 

Quadded logic, QFDR, and TIR do not present themselves as viable options for 
the payload processor. Quadded logic must be implemented at the gate level and has no 
built-in protection against SETs because it cannot be implemented in sequential logic. 
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Conversely, QFDR protects against SETs because of the presence of FFs in its design. 
This implementation is achievable but more complex to implement in logic design 
software than most of the TMR schemes considered. TIR offers no distinct advantage 
over traditional TMR methods and is significantly more complex to troubleshoot when 
designing. 


3. Selection of a Fault-Tolerant Scheme for the Payload Processor 

Among all the fault-tolerant schemes presented, ITMR is considered to be the 
best selection for the payload processor. It has a distinct advantage over the other TMR 
variations because it eliminates SEUs in the voter circuits as well as the combinatorial 
logic circuits of the processor. Majewicz noted a vulnerability of the TMR architecture in 
a pipelined processor was the possibility of an SEU occurring inside the register file [4]. 
While this temporarily increases the probability of an MBU occurring in the register file, 
the processor operates without issue since the voting logic ensures the error does not 
propagate beyond that particular pipeline stage. Ultimately, ITMR offers the best solution 
to eradicate SEUs in the payload processor. 

C. CHAPTER SUMMARY 

The motivation for fault-tolerance in space computing applications by 
categorizing the single-event effects that can occur while operating in the space 
environment was first discussed in this chapter. It was determined that the fault-tolerance 
method to be employed on the payload processor would provide increased resistance to 
SEUs, the most common SEE experienced by CubeSats. It was also noted that the 
selected fault-tolerance method could not provide additional protection against hard- 
error SEEs (i.e., SELs and SEBs), which can only be reduced by using FPGAs with better 
RADHARD characteristics. 

Each of the candidate fault-tolerance methods was then presented for 

consideration. Four variations of TMR (BTMR, LTMR, GTMR, and ITMR) were 

investigated. ITMR was determined to be the most suitable of these schemes because of 

its enhanced voter logic and single clock signal. Three additional fault-tolerance schemes 

from Parobek’s thesis were revisited (quadded logic, QFDR, and TIR); however, ITMR 
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was selected for implementation in the payload processor because of its simplicity and 
ability to mask errors in each stage of sequential logic. Thus, ITMR was selected as the 
best fault-tolerance scheme to implement in the payload processor. 
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III. DESIGN REQUIREMENTS AND SELECTION 
OF AN FPGA DEVICE 

A. INTRODUCTION 

The payload processor serves as the interface between the spacecraft data bus and 
a sensor device the satellite uses to obtain data. It can buffer and process data received 
from the sensor, store data into memory, and provide data on-demand to the satellite 
control processor thereby allowing access to users at a ground station. The increased 
capabilities required of a payload processor over the launch sequencer necessitate 
additional performance requirements of the target FPGA. Logic cell capability, inherent 
radiation hardness, processor speed, memory size and configuration, and size, weight, 
area, and power (SWAP) are all necessary considerations for implementing a successful 
design. 

FPGAs are organized into a large two-dimensional grid of configurable logic 
blocks (CLBs) interconnected by switching circuitry [9]. An example of internal FPGA 
structure and organization is shown in Figure 7. Each of these cells represents a certain 
amount of programmable logic functionality through devices such as LUTs, random 
access memory (RAM), logic gates, and multiplexers. The complexity and scale of the 
payload processor design determines the percentage of these resources required for 
implementation. 
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Figure 7. Generic internal structure of an FPGA featuring CLBs, switching 
interconnects, and input/output buffers (lOBs), from [10]. 


B. PERFORMANCE REQUIREMENTS 

Performance requirements must be identified prior to selecting a FPGA for 
development. During this early phase of the payload processor technology, selection 
focused primarily on resource optimization vice meeting specific safety and testing 
requirements. These requirements become more applicable once the processor is being 
fitted for a specific satellite and mission. More detail on the performance requirements 
with regard to the payload processor concept of operations are provided in the following 
paragraphs. 

1. CLB Capability 

Each vendor offers many families and models that feature a variable quantity of 
CLBs providing a range of functionality. There is a continuous trade-off between the 
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type and quantity of these blocks with the speed, power consumption, and cost of the 
device. The payload processor does not impose any requirements on the capability of 
individual CLBs on a FPGA. Software optimizes the majority of logic functions while 
the place-and-route (PAR) process is being performed. Though advanced CLB 
capability is preferred, it is less significant compared to the macroscopic features the 
device has to offer. 

2. RADHARD Requirements 

Although device selection is limited to commercial (non-RADHARD) FPGAs, it 
is logical to consider any available data on a commercial FPGA’s inherent radiation 
hardness during the selection process. Selecting a device with an above average 
resistance to hard error SEEs ensures the best protection against unrecoverable events the 
ITMR architecture cannot prevent. Each commercial model features a variety of 
semiconductor technologies which have variable levels of resistance to radiation. Data 
describing the inherent radiation hardness of non-RADHARD EPGAs from 
manufacturers is often unavailable. The majority of this data comes from published 
academic or industry research. Consequently, the methods used to obtain this data for the 
various FPGA models are not standardized [11]; therefore, it is necessary to gain some 
perspective on the characteristics that affect a FPGA’s inherent radiation hardness. 

In order to obtain data regarding the radiation received by a semiconductor 
device, it is necessary to consider the concentration and energy of incident particles. 
Fluence describes the number of particles passing through a unit area. Flux is defined as 
the amount of fluence exhibited in a period of time. A radiation absorbed dose (rad) 
describes the total amount of radiation absorbed by a material (i.e., semiconductor 
material on an FPGA). A rad is equivalent to 100 ergs per gram of energy absorbed by 
the material under consideration [12]. This quantity is specific to both the type of 
radiation under consideration and the absorbing material. Linear energy transfer (LET) 
expresses the amount of energy a particle transfers to the semiconductor material per unit 
length in units of MeV-cm^/mg [12]. The combination of a specific LET and fluence are 
often used to describe the environment in which a device is operating [13]. Total ionizing 
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dose (TID) is a measurement of the total radiation exposure of a device during a given 
time period and is generally expressed in units of rad. TID is used to quantify the effects 
of prolonged radiation exposure a semiconductor device experiences during its lifetime. 
FPGAs that exhibit low LET and TID values are preferable since they are less likely to 
experience SEEs while on orbit. 

In addition to LET and/or TID levels, transistor feature size, configuration 
memory type, and operating clock frequency are all relevant factors when considering 
which device is best suited to handle the space environment. Smaller transistors require 
less energy to switch and, consequently, are more susceptible to SEEs [14]. FPGAs 
featuring static RAM (SRAM) configuration memory are inherently more susceptible to 
SEEs than their flash memory counterparts [15]. Einally, increased operating clock 
frequency on EPGAs using EEs is associated with increased potential for SEEs [11]. 

There are a multitude of factors to consider regarding the radiation hardness of a 
particular FPGA, but device selection should not automatically favor a FPGA that 
possesses better inherent radiation hardness. It is also important to bear in mind that each 
FPGA reacts differently based on the specific model, logic design, and type of radiation 
incident on the device. For the payload processor, a device featuring a TID of at least 20 
krad(Si) in an environment with a LET of at least 10 MeV-cm^/mg and a fluence greater 
than 1.6x10 ions/cm is sufficient for a CubeSat mission. 

3. Memory Requirements 

Device memory selection needs to take capacity and latency into account. 
Configuration memory type was accounted for as part of the RADHARD performance 
requirements of the FPGA. Capacity requirements of the payload processor substantially 
outweigh those of the launch sequencer. This is primarily due to the simplicity of the 
launch sequencer’s design as a finite-state machine (FSM) with only 13 distinct states 
[2]; however, the payload processor is a complete pipelined design that runs continuously 
on the contents of its instruction memory and performs processing on the data it receives 
from its various I/O interfaces. Furthermore, the total block RAM available on the FPGA 
is divided into two separate memory segments for instruction and data storage. It is also 
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important to consider a 32-bit word (4 bytes) is the smallest usable segment of 
instruction memory for this processor. At a minimum, the selected device must be able to 
store 1 kilobyte of both instruetions and data. 

Memory lateney was also considered as part of the selection process. This initial 
design of the payload processor does not maximize use of memory read and write 
operations; however, the purpose of the payload processor development is to eventually 
support more advaneed sensor teehnologies for future evolutions of CubeSats. The 
possibility exists to support star traekers performing attitude eontrol, signal monitoring 
antennas, and cameras to perform high-resolution imagery. These technologies 
frequently interact with memory and require the lowest-latency capabilities available. 
During this phase of development, latency was considered seeondary to memory eapacity 
and type but gains in importance as new payloads are added. Sinee instruction throughput 
is limited by instruction memory latency, the selected device should have a memory 
interface clocking frequency that is at least half of its maximum clock frequency. If the 
selected deviee has a memory interfaee eloek frequency less than half of its maximum 
frequency, the use of caehes for instruction and data memories is eonsidered. 

4. Clocking Requirements 

Cloek speed was considered the most eritieal performanee requirement regarding 
eaeh deviee’s eloek management capabilities. The fastest elock available was preferred 
for the payload proeessor to reduce the time required to exeeute its instruetions. No 
minimum clock speed can be established at this time since the payload processor is 
limited to executing a small instruction set from a small instruction memory. As payloads 
beeome more advaneed, a minimum processing speed may need to be established based 
on the associated algorithm. A metric of interest during the design proeess of this thesis is 
clock speed when the design is placed on the device relative to the device’s maximum 
possible clock speed. This gives an indication of the processor’s combinatorial logic 
delay. 
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5. I/O Requirements 

The payload processor must give greater consideration to the I/O capabilities of a 
FPGA compared to the launch sequencer. Given the size of a CubeSat, only a limited 
number of physical payloads can be attached prior to launch. Even the smallest payloads 
will likely limit a FPGA to no greater than 20 I/O interfaces. Most FPGAs easily exceed 
this requirement; however, the robustness of the I/O standards supported on the available 
interfaces a more important factor in device selection. Maximizing the number of I/O 
standards and placement options allows the greatest flexibility in mission planning and 
satellite capabilities. The selected FPGA must support the I/O standards included in left 
column of Table 1, which are used on some of the most common physical I/O interfaces 
listed in the right-hand column. 


Table 1. Minimum required I/O standards to be supported by a FPGA supporting the 

CubeSat payload processor 


I/O Standard 

Commonly Associated Interfaces 

Low Voltage Differential Signaling 
(LVDS) 

SCSI, Serial ATA, PCI Express, RapidIO, 
FireWire, SpaceWire 

Stub Series Terminated Logic (SSTL) 

DDR SDRAM, PCI Express 

Peripheral Component Interconnect (PCI) 

USB/Serial, Disk Drives, Network Cards 


6. SWAP Requirements 

All spacecraft are subject to limitations on SWAP resources. Power was the 
primary SWAP performance requirement considered for this thesis since the payload 
processor aims to greatly expand its computing capabilities over the launch sequencer. 
There is no strict requirement on the power ratings of batteries or other power sources 
carried onboard a CubeSat [3]. Ideally, the payload processor should consume a small 
fraction of the power used by its associated payload. FPGA manufacturers do not often 
publish power consumption explicitly because it is highly dependent on the number and 
type of I/O applications being used among other factors. The devices considered in 
Section C of this chapter are evaluated based on the maximum and normal operating 
voltage and current characteristics instead. 
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Size, area, and weight limitations are primarily dictated by the type of satellite. 
The FPGA and associated hardware components are required to fit on a printed circuit 
board (PCB) to be placed within the CubeSat rails. The interior length and width 
dimensions of a CubeSat are not directly specified by [3]; however, scale models in the 
NPS CubeSat laboratory suggest a PCB length and width of approximately 80 mm fits 
well within the CubeSat rails. The weight of the FPGA is relatively small even compared 
to the CubeSat. Once development reaches a phase where a complete PCB design and 
associated payload are required, size and weight become significant factors. 

C. CANDIDATE FPGA DEVICES 

Two candidate devices for initial implementation and testing of the payload 
processor are considered in this thesis. The first of these devices was the Actel (now 
Microsemi, Inc.) ProASICS model FPGA, which had been previously selected for 
implementation of the launch sequencer. Parobek chose this device primarily because its 
flash-based memory was more resistant to SEUs and SELs, and it provides a memory 
state immediately after power was applied [1]. The ProASICS logic architecture, though 
small, was sufficient to support the launch sequencer state machine. The second device 
considered was the Xilinx Virtex-5 model FPGA. This device is significantly more 
powerful in processor and I/O capabilities than the ProASICS but was considered a less 
qualified device for the launch sequencer because of its SRAM configuration memory. 
The utility of these devices in the context of a complete payload processor must be 
reconsidered given new design criteria. This analysis should not serve as the final 
selection of a device for space-flight but rather to help determine the type and quantity of 
future applications the payload processor is able to support. 

Multiple variants of each FPGA family are available on the market. The 
ProASICS family features the ProASICSE, ProASICS nano, ProASICSL, and radiation 
tolerant ProASICS variants. Xilinx manufactures the generic Virtex-5, Virtex-5Q 
(defense-grade), and Virtex-5QV (space-grade) devices [16]. The generic Virtex-5 
features the LX (high-performance general logic), EXT (high-performance logic with 
advanced serial connectivity), SXT (high-performance signal processing with advanced 
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serial connectivity), TXT (high-performance systems with double density advanced 
serial connectivity), and FXT (high-performance embedded systems with advanced serial 
connectivity) [17]. Further elaboration of both the ProASICS and Virtex-5 devices is 
made in the following sections with respect to the performance requirements discussed in 
Section B of this chapter. 

As of this writing, the NPS CubeSat laboratory possesses four FPGA 
development boards. Three of these boards feature ProASICS family devices, while only 
one features the Virtex-5. Two of the ProASICS boards are identical and were custom 
developed as flight test models by Parobek [1]. These boards are depicted in Figure 8 and 
feature the “A3PN250” model of the ProASICS family, eight light-emitting diodes 
(LEDs), power adapter, and joint test action group (JTAG) chain. The third ProASICS 
development board, shown in Figure 9, was a development board product purchased from 
Actel. It contains the A3P1000 model FPGA, eight LEDs, and eight switches. The 
Virtex-5 is featured in the Digilent Genesys development board, displayed in Figure 10. 
This board features eight LEDs, eight switches, three buttons, display screen, video 
output, USB-A/B, RS-232C, Ethernet, JTAG, and mini-USB ports. The mini-USB ports 
are used exclusively to program the device directly via the Xilinx iMPACT or Digilent 
Adept software programs. 



Figure 8. Two Actel ProASICS boards developed for flight testing by Parobek. 
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Figure 9. Actel ProASICS development board. 



Figure 10. Digilent Genesys Virtex-5 development board. 


1. Actel ProASIC3 

The pertinent performance characteristics for the Actel ProASICS family of 
devices are summarized in the following sections. 
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a. Architecture 

The ProASICS FPGA is optimized for cost and minimum power consumption 
while maintaining competitive processing speed [18]. A physical layout of the 
ProASICSEL device is displayed in Figure 11. The hardware architecture is 
accomplished through the use of proprietary CLBs called VersaTiles. The ProASICS 
FPGA contains 384 - 24,576 VersaTiles depending on the device model [19]. The 
standard layout of a VersaTile is depicted in Figure 12. Each VersaTile accepts four input 
signals and can represent one of four logic design functions: 

• A three-input logic function 

• Latch with clear or set 

• D-flip-flop with clear or set 

• Enable D-flip-flop with clear or set 



CCC 

RAM Block 
4,608-Bit Dual-Port 
SRAM or FIFO Block 


I/Os 


VersaTile 


RAM Block 
4,608-Bit Dual-Port 
SRAM or FIFO Block 


Figure 11. Standard layout of a Military ProASICSEL FPGA, from [20]. 
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Legend: —|— Via (hard connection) ^ Switch (flash connection) Ground 

Figure 12. Standard VersaTile on the Actel ProASICSEL FPGA, from [21]. 

b. Radiation Tolerance 

Radiation testing performed by Poivey et al. on the ProASICS A3P3000L model 
produced data describing the response of the device to heavy ion and proton induced 
SEEs for multiple shift register, memory, and clock configurations [22]. It was 
determined the ProASIC3 model under consideration can resist the occurrence of SELs 
and configuration memory SEUs from a LET of at least 55 MeV-cm^/mg and 1x10^ 
ions/cm^ of fluence [22]. The TID of the device tested was 65 krad(Si). Signal 
propagation times through combinatorial logic increased by 50% throughout the FPGA as 
the device approached its TID [22]. As expected, the flash-based ProASIC3 exhibited 
excellent TID tolerance and resistance to hard-error SEEs during performance testing. 

c. Memory Capabilities 

The ProASIC3 family of FPGAs features both a configuration flash memory and 
SRAM data memory on the device. The flash configuration memory functions as a read¬ 
only memory (ROM) and maintains its contents after power is no longer applied to the 
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device. The data memory contained in the ProASICS family ranges from 36,864 - 
516,096 bits of SRAM divided into blocks of 4,608 bits each. This capacity translates to 
at most 16,128 32-bit words that can be stored in SRAM. This memory operates only in 
synchronous mode, using separate read and write clocks operating at any desired 
frequency up to 250 MHz. Multiple configurations of width and depth size can be 
specified via the designated write and read width pins. 

d. I/O Capabilities 

The ProASIC3 family of FPGAs supports two, four, or eight I/O banks depending 
on the model selected, ultimately enabling the device to support 68-620 I/O interfaces 
[19]. Each of the I/O banks contain several mini-banks that provide 8-18 individual I/O 
pins [19]. Each of the I/O devices on a single mini-bank share a common reference 
voltage designated by configuring one I/O pin as the controller for that mini-bank [19]. 
General I/O banks on the ProASIC3 can support differential voltages of 1.2 V, 1.5 V, 1.8 
V, 2.5 V, and 3.3 V [19]. The robust “mini-bank” structure and array of supported 
voltages allow the ProASIC3 FPGAs to support the I/O standards displayed in Table 2. 


Table 2. I/O standards, types, voltages, and operating frequencies for the 

ProASIC3L, after [19]. 


Standard 

Type 

Voltage(s) (V) 

Frequency (MHz) 

LVTTL 

Single-Ended 

3.3 

<200 

LVCMOS 

Single-Ended 

1.5/1.8/2.5/3.3 

<200 

PCI 

Single-Ended 

3.3 

33/66 

PCI-X 

Single-Ended 

3.3 

33/66/133 

HSTL (Class I and 
11) 

Voltage Referenced 
(0.75 V) 

1.5 

<400 

SSTL (Class I and 
11) 

Voltage Referenced 
(1.25 V/1.5 V) 

2.5/3.3 

Not Listed 

GTE 

Voltage Referenced 
(0.8 V) 

2.5133 

20-40 

GTLP 

Voltage Referenced 
(1.0 V) 

2.5133 

20-40 

LVPECL 

Differential (+/- 
850 mV) 

3.3 

Not Listed 

LVDS 

Differential (+/- 
350 mV) 

2.5 

<200 
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e. Clock Management 

The ProASICS family FPGAs features a total of six global clocks available for 
routing on across the chip [20]. An additional four clock signals are available for each 
quadrant in the device [20]. These signals are controlled by clock conditioning circuitry, 
each of which contains a phase-locked loop (PLL). In the normal power operating mode 
(Vcc =1.5 V), each clock frequency can be set between 0.75 - 350 MHz with a duty cycle 
between 48.5 - 51.5% [19]. The low power operating mode (Vcc = 1-2 V) on the 
ProASICSEL can produce clock signals between 0.75 - 250 MHz with a duty cycle 
between 48.5 - 51.5% [23]. 

/. Power Consumption and Distribution 

Each device in the ProASIC3 family supports a 1.5 V mode of operation [19]. The 
ProASIC3EL variant also features a 1.2 V mode of operation [23]. The recommended 
operating ranges for core input voltage are 1.425 - 1.575 V for the 1.5 V normal 
operating mode [19] and 1.14 - 1.575 V for the 1.2 V mode on the ProASIC3EL [23]. 
Each device will handle maximum voltage limits from -0.3 - 1.65 V for short periods. 

ProASIC3 devices achieve the goal of delivering low-power computing 
capabilities through two features of the device. First, power-on and configuration loading 
is accomplished using non-volatile flash memory. Since flash memory stores charge to 
retain its state, it is available immediately following power-on [21]. SRAM initializes to 
an indeterminate state which can cause “inrush” currents to draw additional power during 
the power-on stage [21]. 

The ProASIC3 FPGA’s second power management feature is the low power 
modes that can be implemented once power-on and normal operating conditions are 
achieved. There are four low power modes able to be implemented on the ProASIC3 
model FPGA [21]: 

• Static (Idle) Mode 

• User Low Static (Idle) Mode 

• Sleep Mode 

• Shutdown Mode 
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Both static mode and user low static mode cease clock function but retain the 
current states of all SRAM, I/Os, and registers [21], These devices draw minimum 
current to maintain their state while in either mode [21]. The ProASICSEL features two 
additional modes within the static mode of operation known as flash freeze modes, which 
retain the states of memory devices like static mode but do not stop clocking [21], Sleep 
Mode shuts off voltage to the entire FPGA core and requires logic states to be saved to 
nonvolatile memory in order to restart in the same state [21]. 

2. Xilinx Virtex-5 

The pertinent performance characteristics for the Xilinx Virtex-5 family of 
devices are summarized in the following sections. The information summarized focuses 
primarily on the VLX50T variant found on the Digilent Genesys development board. 
For information regarding other models and features, the reader should refer to [17], [24], 
and [25]. 


a. Architecture 

The Xilinx Virtex-5 FPGA features a two-dimensional array of CLBs, each 
containing two sub-elements called logic slices. There are two types of logic slices in the 
Virtex-5: SLICEL and SLICEM. Each SLICEL element can be programmed to represent 
one of four standard logic functions [24]: 

• Look-up Tables 

• Storage Elements 

• Wide-function Multiplexers 

• Carry Logic 

The SLICEM element implements these same four logic functions but also 
contain 256 bits of distributed RAM and a 128-bit shift register [24]. The SLICEL CLB 
is displayed in Figure 13 and the SLICEM CLB in Eigure 14. 
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COUT Reset Type 



Figure 13. Xilinx Virtex-5 SLICEL CLB, from [24], 
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The row and column arrangement of CLBs and their associated slices is displayed 
in Figure 15. Each CLB is connected to a switching matrix, which is further connected to 
the general routing matrix of the FPGA [24]. SLICEM CLBs are featured in alternating 
columns moving across the FPGA [24]. A total of 7,200 logic slices are available in the 
VLX50T model, 1,800 of which are SLICEM variants [17]. 


GOUT GOUT GOUT GOUT 



Eigure 15. Standard CLB format of a Virtex-5 EPGA, from [24]. 
b. Radiation Tolerance 

Radiation testing for the Virtex-5 was performed by Hiemstra et al. to determine 
the characterization of SEUs on an SRAM based FPGA [26]. This experiment was 
performed on the same FPGA model featured on the Genesys development board in the 
NPS CubeSat laboratory. The Virtex-5 was tested to an equivalent of 53 years of heavy 
ion fluence using a LET of 10 MeV-cm^/mg [26]. This resulted in a TID of 23.8 krad(Si) 
exhibiting no SELs or other hard-error effects [26]. The length and intensity of the 
Virtex-5 testing is noticeably shorter than the tests performed on the ProASIC3 [22]; 
however, the Virtex-5 performed well during these tests and satisfied the desired 
performance criteria for radiation hardness. 
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c. Memory Capabilities 

The Virtex-5 features SRAM configuration memory, which loses its memory 
state when power is removed from the device. Data storage is implemented using 36 kbit 
SRAM blocks that can support a multitude of word size and depth combinations. The 
total number of memory blocks available depends on the specific device chosen. The 
VLX50T variant features 60, 36 kbit RAM blocks, resulting in 2.16 Mbits of total 
memory [24]; however, other models within the Virtex-5 family are capable of 
supporting up to 18.5 Mbits of block RAM [17]. The capacity of the VLX50T translates 
to 67,500 total words that can be stored in block RAM on the specified FPGA. The 
Virtex-5 block RAM operates at the same frequency (450 - 550 MHz depending on the 
speed grade) as the primary clock for the device [25]. 

d. I/O Capabilities 

The VLX50T device features 15 I/O banks supporting 480 user I/O interfaces 
[17]. Organization of the I/O banks is depicted in Figure 16 for a VLX30 device. The I/O 
banks each typically contain 40 I/O inputs for the outer columns [24]. The organization 
of the inner column of the FPGA varies based on the total number of banks and interfaces 
featured on the device [24]. A reference voltage pin is automatically allocated for one of 
every 20 pins if a single-ended I/O standard requiring a differential input buffer is used 
[24]. Each low-voltage I/O standard implemented on the device must use an I/O bank for 
its associated output drive voltage [24]. The I/O standards supported by the Virtex-5 are 
listed in Table 3. 
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BANK 
20 I/O 


BANK 
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Figure 16. Organization of I/O banks within the Virtex-5 FPGA, from [24]. 


Table 3. I/O standards, types, voltages, and operating frequencies 

for the Virtex-5, after [25]. 


Standard 

Type 

Voltage(s) (V) 

Frequency (MHz) 

LVTTL 

Single-Ended 

3.3 

<200 

LVCMOS 

Single-Ended 

1.2/1.5/1.8/2.5/3.3 

<200 

PCI 

Single-Ended 

3.3 

33/66 

PCI-X 

Single-Ended 

3.3 

66/133 

HSTL (Class 
I/II/III/IV) 

Voltage Referenced 
(0.75 V) 

L5/L8 

<400 

HSTL (Class I) 

Voltage Referenced 

0 

1.2 

Not Listed 

SSTL (Class I and 
11) 

Voltage Referenced 
(1.25 V) 

1.8/2.5 

Not Listed 

GTL 

Voltage Referenced 
(0.8 V) 

2.5133 

20-40 

GTLP 

Voltage Referenced 
(1.0 V) 

2.5133 

20-40 

LVPECL 

Differential (+/- 
850 mV) 

3.3 

Not Listed 

LVDS 

Differential (+/- 
350 mV) 

2.5 

<200 

Differential HSTL 
(Class I/II) 

Differential 

L5/L8 

Not Listed 

Differential SSTL 
(Class I/II) 

Differential 

1.8/2.5 

Not Listed 

RSDS 

Differential 

2.5 

Not Listed 
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e. Clock Management 

The Virtex-5 is capable of implementing up to 32 global clock signals [24]. Each 
global clock signal is generated through a global clock buffer [24]. On the physical 
FPGA, these clock buffer components are driven by six clock management tiles (CMTs) 
built into the FPGA [24]. The Virtex-5 datasheet does not offer a single clock speed for 
reference like the ProASICS [25]. Rather, it lists numerous clock speeds based on the 
speed grade and applicable logic construct being used. Numerous combinatorial and 
sequential logic modules are necessary to create the payload processor; however, most 
32-bit components can be implemented at a clock speed of 450 MHz for the speed 
grade of the VLX50T available at the NPS CubeSat laboratory [25]. Higher speed grades 
in the Virtex-5 family feature clock speeds up to 550 MHz for many 32-bit logic 
structures [25]. 

/. Power Consumption and Distribution 

The typical operating mode of the VLX50T model FPGA requires a supply 
voltage between 0.95 - 1.05 V and 2 mA of current [25]. Increased speed grades and 
processing rates for various Virtex-5 models require more current [25]. The internal core 
cannot handle voltages outside the range of -0.5 - 1.1 V, and no greater than +/-100 mA 
of current may flow through any pin on the device [25]. The Virtex-5 does not feature 
any special modes comparable to those of the ProASIC3 family to minimize power 
consumption. 

D. FPGA SELECTION 

The two FPGAs considered are representative of the variety of reconfigurable 

devices manufactured to meet the needs of several different industries. The ProASIC3 

device represents a low-power, low-cost solution with impressive inherent RADHARD 

qualities. The Virtex-5 has substantially more logic resources, a faster clock, and 

supports more I/O standards than the ProASIC3. It is worth noting each of the FPGAs 

met the initial performance requirements; therefore, it is possible the payload processor 

can potentially be implemented and tested on either model. It is the author’s view that the 

Virtex-5 should be the initial development platform for the payload processor, primarily 
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because it offers the greatest potential for expansion as the technology continues to 
develop. 

E. CHAPTER SUMMARY 

The performance requirements for a FPGA that can implement the payload 
processor were first discussed in this chapter. The categories of CLB capability, memory, 
I/O capability, clock management, and SWAP each played some role in the selection of a 
device. The performance characteristics of two FPGAs considered potential candidates to 
support the processor were then summarized. It was determined the Virtex-5 would serve 
as a better model for development of the payload processor because its logic resources, 
clock speed, and I/O standards offered greater potential for future expansion of the 
technology. 
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IV. DESIGN OF THE PAYLOAD PROCESSOR 


A. PIPELINED PROCESSOR COMPONENTS AND ORGANIZATION 

The payload processor was designed as a standard five-stage pipeline using a 
subset of the MIPS core ISA proposed by Patterson and Hennessy [5], shown in Figure 
17. This processor features instruction fetch (IF), instruction decode (ID), execution 
(EX), memory (MEM), and write-back (WB) stages, each separated by a pipeline 
register. The payload processor is effectively three of these processors running in parallel 
on a common clock, with ITMR voter circuits at each of the inputs to the triplicated 
pipeline registers. The goal of the ITMR implementation is to provide sufficient 
redundancy to correct SEUs encountered at any individual stage logic or any pipeline 
register at the stage input. 



Eigure 17. Payload processor pipeline architecture, from [5]. 
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The standard MIPS instruction formats executed by the processor are shown in 
Figure 18. The MIPS ISA features three primary instruction variants: I-format, R-format, 
and jump format. Every MIPS instruction is 32 bits in length. The six most significant 
bits always contain an opcode which provides a more specific identification of the 
function. I-format instructions take two register arguments and a 16-bit offset. Generally, 
the remaining register (rt) is used as a destination for the result of the operation. 
However, branch I-format instructions compare the rs and rt registers and determine a 
new address using the 16-bit offset. The R-format instruction takes 
two register addresses (rs and rt) and places the result of the ALU operation in a third 
register (rd). 


l-Format 

3l|30|29|28|27|26 

25|24|23|22|21 

20| 19| 18| 17| 16 

15| 14| 13| 12| ll| 10| 9 1 8 1 7 1 6 1 5 1 4 1 3 | 2 | 1 | 0 

OPCODE 

RS 

RT 

IMM 


R-Format 

3l|30|29|28|27|26 

25| 24| 231 221 21 

20| 19| 18| 17| 16 

15| 14| 13| 12| 11 

10| 9 1 8 1 7 1 6 

5|4|3|2|l|0 

OPCODE 

RS 

RT 

RD 

SHAMT 

FUNCT 


Jump Format 

3l|30|29|28|27|26 

25|24|23|22|2l|20|l9|l8|l7|l6|l5|l4|l3|l2|ll|l0| 9|8|7|6|5|4|3|2|l|o 

OPCODE 

JUMP ADDRESS 


Figure 18. Three primary MIPS instruction formats supported by the payload 

processor. 

B. PAYLOAD PROCESSOR DESIGN 

The standard pipeline design and ITMR architecture had to be meshed into a 
single design for the payload processor. A conceptual structure for the payload processor 
is displayed in Figure 19. The pipeline stages feature combinatorial logic and reside on 
either side of a pipeline register. Each of the triplicated processors passes their outputs to 
a set of registers, where the values are held until the next positive edge of the clock 
signal. During the next positive clock edge, each of the three sets of registers pass their 
values to three voters. The voters produce the same result because they all have the same 
inputs. This ensures each of the triplicated processors has the majority voted signal 
during the next stage of combinatorial logic, and any SEUs have effectively been 
eradicated. 
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Pipeline Stages 


Pipeline Registers 


Pipeline Stages 



Combinatorial 
Logic (Processor A) 


Combinatorial 
Logic (Processor B) 


Combinatorial 
Logic (Processor C) 


Figure 19. Implementation of ITMR in the payload processor pipeline. 


Numerous logic components were necessary to build a pipelined processor. The 
combinatorial logic components were grouped into five pipeline stages. Each pipeline 
stage took inputs from and passed outputs to a pipeline register. This process begins with 
the program counter (PC) register passing an instruction address to the IF stage. The 
instruction address points to an instruction located in memory, and the instruction data is 
then passed to the ID stage. The instruction is decoded in the ID stage, and the register 
operands are obtained. The EX phase performs mathematical operations using the ALU 
and calculates a possible branch address. The MEM stage can then read or write to data 
memory and determine if a branch or jump from the next PC address is appropriate. 
Finally, the WB stage writes new data from memory or the ALU back to the register file. 
Each of these stages and their associated logic components are discussed in greater detail 
in the following sections. 

1. IF Stage 

During the IF stage, a PC address is translated into an actual MIPS instruction. 
The instruction memory acts as a ROM and forwards the instruction located at the index 
specified by the PC to the IF/ID register. Additionally, the PC plus four bytes address 
must be calculated and sent back to the PC selector module. Since the payload processor 
does not yet implement advanced features such as data forwarding and hazard detection, 
the programmer must ensure at least four no-operation (NOP) instructions follow a 
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branch or jump instruction. This prevents the processor from operating on instructions 
prior to the feedback address of a branch or jump instruction being received at the PC. 

The sehematic organization of the IF stage is displayed in Figure 20. The input 
signals pc_a, pc_b, and pc_c are the triplicated PC addresses. These inputs are sent to the 
inst_mem_trip module which houses the byte-addressable instruction memory and 
npc_addr_adder_trip module which calculates the PC plus four address. The output of 
the inst_mein_trip module is then forwarded to the ID stage. The jump address is also 
caleulated during the IF stage. Per standard MIPS jump instruction format, the jump 
address is a concatenation of the four most significant bits of the input PC address, the 26 
least significant bits of the jump instruction, and two zeroes [28]. The latter ensures the 
jump address references the first byte of a word-length instruetion. This address is then 
forwarded through each of the pipeline stages and pipeline registers until a jump 
feedback signal is generated in the MEM stage. 


n p c_ a dd r_a dd er_t ri p 



Figure 20. Schematic view of the payload processor IF stage modules. 


2. ID Stage 

The purpose of the ID stage is to decode an instruction into its various 

subcomponents and trigger the appropriate eontrol signal flags. A schematie layout of the 

ID stage is displayed in Figure 21. The first major eomponent featured in the ID stage is 
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the control_tmr3 module, which contains three control modules that use the opcode, 
funct, and rt register fields of an instruction to determine the appropriate ALU operation 
code and flag settings. The effect of each of these individual flag settings are described in 
Table 4. 



Figure 21. 


Schematic view of the payload processor ID stage modules. 
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Table 4. Control module flag effects when asserted and de-asserted, after [29]. 


Signal 

Effect when De- 
asserted 

Effect when Asserted 

regdst 

The write-back 
register address is 
contained within 
the rt register field 
(inst. bits 20 - 16). 

The write-back register address is contained within 
the rd register field (instruction bits 15-11). 

regwrite 

None 

The write-back register specified by the instruction 
will be written with new data from the ALU or data 
memory during the WB stage. 

alusrc 

The second ALU 
operand comes 
from the second 
register file output. 

The second ALU operand comes from the immediate 
field (lowest order 16 bits of the instruction) 

memread 

None 

Instruction is a load word. Signal is passed as a read 
enable to data memory. This triggers the memory to 
read a specified word to write-back to the register 

file. 

memwrite 

None 

Instruction is a store word. Signal is passed as a write 
enable to data memory. This triggers the memory to 
write a word from the register file. 

memtoreg 

The value used to 
write-back to 
register comes from 
ALU. 

The value used to write-back to the register comes 
from data memory. 

beq 

None 

Triggers the next PC address to be the calculated 
branch address if the ALU inputs are equal. Used only 
with the beq instruction. 

bne 

None 

Triggers the next PC address to be the calculated 
branch address if the ALU inputs are not equal. Used 
only with the bne instruction. 

biz 

None 

Triggers the next PC address to be the calculated 
branch address if the first ALU input is less than zero. 
Used only with the biz instruction. 

bgz 

None 

Triggers the next PC address to be the calculated 
branch address if the first ALU input is greater than 
zero. Used only with the bgz instruction. 

blez 

None 

Triggers the next PC address to be the calculated 
branch address if the first ALU input is less than or 
equal to zero. Used only with the blez instruction. 

bgez 

None 

Triggers the next PC address to be the calculated 
branch address if the first ALU input is greater than or 
equal to zero. Used only with the bgez instruction. 
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A second major component in the ID stage is the register_file module, which 
holds each of the 32, 32-bit registers used by the processor. A more detailed schematic 
view of the register file’s internal organization is displayed in Figure 22. The register file 
is unique amongst all combinatorial logic components featured in the processor in that it 
must use a clock to perform its operation. During the design process, we determined the 
register file should be capable of reading from two registers and writing to one register on 
each clock cycle. This eliminates one additional clock cycle delay that is otherwise 
required to update data during the WB stage. 



Figure 22. Schematic view of the register file internal organization. 


Read and write operations within the register file each operate on different logic 
components. The register file receives three parallel addresses and data inputs to write to 
registers. The write register address is expressed as a 5-bit value and is decoded to one of 
32 individual write enable signal by the reg_addr_decoder_bhv module. These signals 
are then distributed to the various registers along with the write data, but only one register 
receives the write enable signal per clock cycle. This register rewrites its old data with the 

45 












































































































































































































write input data while the clock cycle is high. When the clock signal is low, two sets of 
three parallel read address inputs are forwarded to one of six reg_array_multiplexer 
modules. These modules read each of the 32 register states (including the register which 
was just written on the previous half of the clock cycle) and select the appropriate register 
as an output based on the decoded input read address. The three reg_array_multiplexer 
modules in the upper-half of Figure 22 operate in parallel for the first register operand 
input to the ALU. The modules in the lower-half operate in parallel for the second 
register operand input to the ALU. 

3. EX Stage 

The EX stage performs mathematical and logical operations on data extracted 
from the register file and immediate (IMM) field of the instruction. The results of these 
operations are forwarded to the MEM and WB stages for storage in data memory or the 
register file, respectively. A schematic layout of the EX stage components is shown in 
Figure 23. The EX stage heavily relies on the addr_adder_trip and ALU_trip modules 
to accomplish its functions. The EX stage performs branch address calculation using the 
addr_adder_trip module. It calculates the branch address by adding the offset specified 
in the IMM field to the PC plus four address calculated in the IF stage. This result is 
forwarded to a PC selector module and onto the PC register if a branch is taken. 

The ALU_trip module performs all of the necessary mathematical functions 
required to implement the processor’s ISA. The first of two operands is received from the 
register file. The second ALU operand is received from the multiplex_2tol_nbit_trip 
module which selects between the second value forwarded from the register file and the 
IMM field. The selector bit for the multiplex_2tol_nbit_trip module is the alusrc flag. 
Eleven ALU operations are required to implement the payload processor. These 
operations and their corresponding ALU codes are displayed in Table 5. Many other 
mathematical and logical operations are possible in a MIPS architecture, but a simple ISA 
was desired for this initial iteration of the payload processor. 
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Figure 23. Schematic view of the payload processor EX stage modules. 
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Table 5. 


Listing of the ALLF operations necessary to implement the subset of MIPS 
core instructions used by the payload processor. 


Control Code 

Operation 

0 

Addition 

1 

Subtraction 

2 

Logical AND 

3 

Logical OR 

4 

Logical XOR 

5 

Logical NOR 

6 

Shift Left Logical 

7 

Shift Left Variable 

8 

Shift Left Logical 

9 

Shift Left Variable 

10 

Set on Less Than 


In addition to the mathematical operations featured in Table 5, six comparison 
flags are set for each pair of inputs to the ALU. These comparison flags and their 
assertion criteria are summarized in Table 6 and match one-to-one with the branch flags 
generated in the ID stage. These comparison bits and branch flags are evaluated during 
the MEM stage to determine if the next PC address should be the resulting calculation of 
the addr_adder_trip module. 

Table 6. EX stage comparison flags and their assertion criteria. 


Comparison Flag 

Assertion 

seq 

Both ALU operands are equal 

sne 

The ALU operands are not equal. 

slz 

The first ALU operand is less than zero. 

sgz 

The first ALU operand is greater than zero. 

slez 

The first ALU operand is less than or equal to zero. 

sgez 

The first ALU operand is greater than or equal to zero. 


4. MEM Stage 

The MEM stage serves two primary functions in the payload processor. First, it 
contains the triplicated data memory where words can be loaded into or stored from the 
register file. Secondly, it is where the processor determines if the conditions for a branch 
or jump instruction have been met and what the next appropriate address is for the PC 
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register. A detailed explanation of the implementation of these functions is the focus of 
this section. 

The payload processor data memory module is contained within the 
data_mem_trip component, displayed in Figure 24. This memory is divided into three 
equal segments of 45 kilobytes (kB) each. The memory is byte-addressable, but only one 
word may be read or written during each clock cycle. This is because the load word and 
store word instructions are currently the only instructions that can manipulate data 
memory. Each of these operations requires a complete clock cycle per pipeline stage. 

The data memory component of the MEM stage can accept inputs from and read 
outputs to either the register file or UART. The functionality of the UART read and write 
operations are explained in Section C of this chapter, but perform a very similar operation 
on a separate address space in the memory. Eor standard read operations, the address 
fields addr_a, addr_b, and addr_c receive the forwarded output of the ALU_trip 
module which represents a data memory address. Likewise, during a store word 
instruction, the ID stage forwards data from the register specified in the rt field of the 
instruction. Both read and write operations must be accompanied by read and write 
enable signals which are linked to the memread and memwrite flags generated in the ID 
stage. The ALU_trip module result is also forwarded past the data memory module to 
the WB stage via the buf_32bit_tmr module for instructions other than load or store 
which writes the result to the register file. 

Determination of a branch or jump instruction is performed by the 

branch_multiplexer_trip and addr_sel_module_trip modules displayed in Figure 25. 

The overall output of these modules is forwarded to pc_select_module which makes the 

final selection of the next PC address by taking pending interrupt requests into account. 

The branch_multiplexer_trip module receives the branch flags generated in the ID 

stage and the comparison bits from the EX stage as inputs. If a branch flag and its 

corresponding comparison flag are both set, the conditions for a branch instruction have 

been met, and the branch Jump_sel_out output pin of the multiplexer is set high. Next, 

the branch address calculated in the EX stage and jump address calculated in the IE stage 

are received as inputs to the address selector module along with the branch and jump 
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flags at the address selector module. If a branch or jump flag is set high, the module 
selects the corresponding address to forward back to the PC selector module and sets the 
br Jump_sel_out family of outputs to logic high. If neither flag is set high, the module 
does not forward a new address or set the br jump_sel_out outputs high. This results in 
the PC selector module choosing a different PC address on the following clock cycle. 



Figure 24. Schematic view of the data memory module in the MEM stage. 
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Figure 25. Schematic view of the branch multiplexer and address selector modules in 

the MEM stage. 


After the branch multiplexer and address selector have completed execution, the 
result is forwarded to the pc_select_module_trip component, displayed along with the 
PC register in Figure 26. The purpose of the pc_select_module_trip is to choose whether 
the next PC address is that of the current PC plus four, the forwarded branch or jump 
address, or the start of the ISR if an interrupt is present. The module gives highest priority 
to an interrupt request (IRQ). If an IRQ from the UART is present, it forces the processor 
to execute the ISR. This mode is discussed in greater detail in Section C of this chapter. If 
an IRQ is not present but the brJump_sel_out flag is set high, the module uses the 
forwarded branch or jump address as the next PC. Finally, if neither an IRQ nor the 
branch/jump flag is present, the module selects the PC plus four address calculated at the 
IF stage. Refer to Subsection I of this section. The PC plus four address present at 

pc_select_module_trip following a branch is not the PC address of the instruction 
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immediately following a branch instruction. Four nop instructions must be inserted after a 
branch to ensure instructions are not executed unintentionally while the processor is 
making a determination on the branch criteria. 
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Figure 26. Schematic view of the PC selector module and its connection to the PC 

register. 


5. WB Stage 

The WB stage essentially marks the final step in the execution of an instruction, 

and consists of only one multiplexer, displayed in Figure 27. Every instruction in the 

payload processor’s ISA, with the exception of store word and jump, writes back new 

data to the register file. This write-back data comes from either the data memory module 

(if the instruction is a load word) or the ALU result. The selector bit for this multiplexer 

is the memtoreg flag generated in the ID stage. The triplicated ALU result is connected to 

pins inputl_a, inputl_b, and inputl_c in Figure 27 while the triplicated data memory 

output is connected to the input2_a, input2_b, and input2_c pins. Per Table 4, if the 

memtoreg flag is set low, the multiplexer forwards the ALU result into the register file. 

If the memtoreg flag is set high, the multiplexer forwards the data memory output 
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instead. The new data and register address reach the register file and rewrite the register 
during the same upper-half of the clock cycle. 



Figure 27. Schematic view of the WB stage multiplexer. 


C. UART DESIGN 
1. Concept 

The UART is a generic serial-to-parallel interface the processor pipeline uses to 
perform data transactions with an I/O device. A single UART module is currently the 
only I/O interface included on the payload processor as shown in Figure 28. 
Consequently, it alone generates the IRQ to the processor when it receives data to 
transfer to memory. This action is completed using an interrupt-driven I/O scheme which 
calls an ISR built into instruction memory and requires no action by the programmer. The 
ISR first clears the pipeline, allowing instructions in progress to update the appropriate 
registers. It then stores the received byte into a data memory address that has been 
mapped to the UART. This address is stored as data in addresses 22496 - 22499 of data 

memory. It can be read from memory and tracked by the programmer to determine if new 
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data has been written to the UART memory space. As additional bytes are written to data 
memory, the current write address is incremented and replaced in its reserved memory 
space. Once the UART writes to address 44995 (the end of UART memory space), the 
address wraps around to address 22500 (the beginning of UART memory space) where it 
begins overwriting old UART data with new receptions. 

The UART also transmits byte-wide parallel data on a serial interface with 
another I/O device by calling a load word function referencing memory that is mapped to 
the UART interface. The programmer performs this action by using a store word 
instruction to write to a data memory address allocated for UART transmission. A load 
word instruction referencing this memory address then triggers data memory to forward 
the byte at the same address to the UART. No specific protocol is currently supported by 
the UART; however, the UART code adapted from [30] was oriented towards a RS- 
232C interface. The UART’s internal operation and interaction with the processor 
pipeline are described in the following paragraphs. 


uart tmr 



Figure 28. Schematic view of the UART’s connection to the payload processor. 

2. Receive Logic 

The receive logic of the UART is initiated by passing a receive enable signal, 
indicating the UART should be prepared to receive data immediately. The UART sets the 
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receive busy signal high if it is not currently receiving data to indicate it is expecting 
incoming data. Next, the UART initiates a 4-bit sampling counter that is incremented on 
each cycle of the receive clock. The purpose of this counter is to determine when the 
UART should sample the input signal to obtain data. Sampling typically occurs near the 
middle of the input signal time interval to ensure distortion from signal transitions does 
not cause a bit error [31]. The UART on the payload processor is sampled on the eighth 
of 16 sample counter increments. Once the signal has been sampled, the resulting bit is 
appended to a receive register, and a receive counter is incremented. The receive counter 
samples ten values (bits 0 - 9), after which it sets the receive busy signal to low. The 
UART uses the first and last receive counter increments to indicate the start or 
termination of a transaction. Increments 1 - 8 are where the data bits are collected. Upon 
completion of the ten increments, the data is available to be transferred from the UART 
to the processor data memory. 

3. Transmit Logic 

The transmit logic of the UART is initiated by setting the load transmit data signal 
high. This indicates there is data to be transmitted by the UART that must first be copied 
into the transmit register. Once data transfer to the transmit register is complete, 
transmission commences when the transmit enable bit is set high. If the transmit enable 
bit is set low, the data waits inside the register. The parallel data is transmitted with a 
zero bit as the preamble, eight data bits, and is finished with a one bit on the tenth clock 
cycle. 


4. Interface with the Payload Processor 

The UART transmit and receive functionality must be capable of interfacing with 
the payload processor. When the UART receives data to pass to memory, it first transmits 
a set of three IRQ signals to pc_select_module_trip as shown in Figure 28. The 
pc_select_module_trip component sees these flags during the following clock cycle and 
automatically switches the new PC address to the IRQ start address since an IRQ has the 
highest priority. It then saves either the branch/jump address or the PC plus four address 
into a holding register depending on whether the brjump_sel family of flags are set 
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high or low, respectively. This maintains the processor’s place in instruction memory for 
when the ISR terminates. The PC selector then responds to the UART with an 
acknowledgement signal, causing the UART to unload its received data as input to the 
data_mem_trip module in the MEM stage. The data is not immediately written into 
memory after the unload signal, as the pc_select_module_trip first changes the PC 
address to the first instruction of the ISR. Four NOP instructions are used to clear the 
pipeline, followed by a store word instruction. The arguments of the store word 
instruction are zeroes as the interrupt request processing flag generated by 
pc_select_module_trip provides indication to the data memory on which input data to 
write to memory. 

After the NOP instructions have cleared the pipeline, the interrupt request flag 
propagates to the MEM stage where it is received by data memory. Like instruction 
memory, data memory is divided into three equal segments of 45 kB each; however, data 
memory is further subdivided into two separate address spaces within each of the three 45 
kB segments. One address space is for standard processor data manipulations. The other 
is dedicated to transactions involving the UART. Byte addresses 0 to 22,499 are used for 
standard read and write operations. Byte addresses 22,500 to 44,999 are reserved for the 
UART. The UART writes only a single byte as opposed to a word during an ISR because 
that is the most data that can be received during a single transaction with the interface. 
The data received by the UART is already present at the data_mem_trip module 
because the pc_select_module_trip acknowledged receipt of the original IRQ which 
triggered the UART to unload its data. The IRQ processing flag triggers the data memory 
module to take input from the UART data input interface vice the normal input address 
interface. The data memory module then references an internal register that stores the 
next appropriate byte address to which the UART data should be written. The UART 
input data is written to this location and the address register is incremented for the next 
receive transaction. 

Transmit operations require significantly less overhead from the processor. The 
last index in the UART reserved address space (44,999) is dedicated for transmit 
operations. This address is the only location in the reserved address space to which the 
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processor writes data outside of an ISR. A load word instruction sends this data to the 
UART as well as writes its contents as the eight least significant bits of the register 
specified in the instruction. The data_mem_trip module also sets the transmit enable 
flag to high when the data is sent. 

D. CHAPTER SUMMARY 

The overall design and functionality of the payload processor was discussed in 
this chapter. The processor pipeline was considered first. Following conventional MIPS 
design, we saw that it consists of five stages. These five stages contain combinatorial 
logic modules that operate on smaller components of the 32-bit MIPS instructions. The 
outputs of these modules are passed onto pipeline registers where they are held until the 
following clock cycle and ITMR voting is performed. The IF stage translates a PC 
memory address into an instruction. The ID stage decodes the individual components of 
this instruction and sets the appropriate flags to control the pipeline modules. The EX 
stage contains the ALU and calculates the branch address. The MEM stage holds the data 
memory module and determines if a new branch or jump address should be sent to the PC 
selector module. Einally, the WB stage selects between the ALU result and data memory 
output to forward back to the register file. 

The UART design and functionality was also considered in this chapter. It is 
capable of receiving or transmitting a single byte per transaction. The receive logic is 
interrupt-driven and uses an ISR to clear the pipeline and write the data to a reserved 
memory space. The transmit logic does not generate an IRQ but requires data to be 
written a memory address space that is specifically mapped for UART transmissions. A 
load word instruction then passes the memory contents to the UART for transmission. 
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V. TESTING AND ANALYSIS OF THE PAYLOAD PROCESSOR 

AND UART 


The focus of this chapter is on testing the processor at three levels of its logic 
design. First, the pipeline register and voter functionality is verified by ensuring each of 
the pipeline registers successfully votes the majority signal. Next, each major category of 
instruction within the ISA is individually run through the processor to ensure it performs 
the correct operations, triggers the correct flags, and operates on the correct data. Finally, 
the UART is integrated into the system, and the receipt and transmission of data on the 
interface is verified. Each of these simulations was performed using Xilinx’s ISim^ 
software. 

A. PIPELINE REGISTERS 

Functionality of the pipeline registers were tested first to ensure the processor is 
capable of voting out simulated errors. Test cases were introduced to the registers in a 
Gray code sequence displayed in Table 7. This sequence exercises all eight combinations 
of the majority voters in the circuit while allowing only one transition per time interval 
amongst the three members of the set. Four of these combinations contain majority 
zeroes, and four contain majority ones. Output waveforms of the PC pipeline register are 
displayed in Figure 29. The output waveforms of all the pipeline registers can be found in 
Appendix B. The three rows above the clock signal in Figure 29 (npc_a, npc_b, and 
npc_c) represent the output of each member of the triplicated set of registers. The three 
rows below the clock signal (pc_a, pc_b, and pc_c) represent input from each of the 
members of the triplicated set of registers. It is important to note that for each 
combination of inputs, the register module outputs the majority signal on all three 
registers during the low to high transition of the clock signal. This confirms the correct 
operation of the pipeline registers and allows consideration of only one of the three 
parallel processors during the next stage of testing. 


^ ISim® is a registered trademark of Xilinx, Inc. 
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Table 7. Gray code sequence of inputs to the pipeline registers 


Sequence 

Bit A 

BitB 

Bite 

Majority 

1 

0 

0 

0 

0 

2 

1 

0 

0 

0 

3 

1 

1 

0 

1 

4 

0 

1 

0 

0 

5 

0 

1 

1 

1 

6 

1 

1 

1 

1 

7 

1 

0 

1 

1 

8 

0 

0 

1 

0 



Figure 29. Waveform outputs of the triplicated PC register. 


B. TEST PROGRAM EXECUTION 

The purpose of this testing was to ensure all 24 instructions currently supported 
by the ISA are executed correctly. This was accomplished by developing an assembly 
code program that was placed in memory. By providing only the clocking signal and 
default UART inputs, the processor must run independently. The instruction sequence 
used to complete this testing is displayed in Table 8. Since instruction memory is byte- 
addressable, and each new instruction consists of four bytes, instruction address start on 
multiples of four. Several NOP instructions were required in succession to ensure data 
hazards were not encountered while register and memory locations were being read and 
written. 
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Table 8. Assembly program used for processor testing. 


Memory 

Address 

Instruction (Assembly 
Code) 

Instruction 

(Machine 

Hexadecimal 

Instruction 

Format 

0 

ADDI $0, $1, OXOOOA 

0x2001000A 

I 

4 

ADDI $0, $2, OxFFFO 

0x2002FFF0 

I 

8-12 

NOP (x2) 

0x00000000 

N/A 

16 

AND$1,$2, $3 

0x00221824 

R 

20 

OR$l,$2, $4 

0x00222025 

R 

24 

NOR$l,$2, $5 

0x00222827 

R 

28 

XOR$l,$2, $6 

0x00223026 

R 

32 

ADDI $0, $7, 0x0006 

0x20070006 

I 

36 

SLL $0, $7, $8 

0x00074080 

R 

40 

SRL $0, $8, $7 

0x00083902 

R 

44 

SLLV $0, $7, $8 

0x00074004 

R 

48 

SRLV $0, $8, $7 

0x00083806 

R 

52 

ADD$1,$2, $9 

0x00224820 

R 

56 

SUB $1, $2, $10 

0x00225022 

R 

60 

ANDI $2, $ll,0xFFFF 

0x304BPFPP 

I 

64 

ORI $2, $12, 0x0000 

0x344C0000 

I 

68 

SLT $9, $10, $13 

0x012A682A 

R 

72 

SLT $10, $9, $14 

0x0149702A 

R 

76 

SLTI $9, $15, 0x0004 

0x292P0004 

I 

80 

SLTI $10, $16, 0x0004 

0x29500004 

I 

84 

LW $0, $17, 0x0000 

0x8Cl 10000 

I 

88 

SW $0, $11, 0x0000 

0xAC0B0004 

I 

92 

BEQ $0, $0, OxOOOA 

OxlOOOOOOA 

I 

96-132 

NOP (xlO) 

0x00000000 

N/A 

136 

BNE $1, $2, OxOOOA 

0xl422000A 

I 

140-176 

NOP (xlO) 

0x00000000 

N/A 

180 

BLEZ $17, OxOOOA 

0xlA20000A 

I 

184-220 

NOP (xlO) 

0x00000000 

N/A 

224 

BLZ $5, OxOOOA 

0x04A0000A 

I 

228 - 264 

NOP (xlO) 

0x00000000 

N/A 

268 

BGEZ $2, OxOOOA 

0x0441000A 

I 

272 - 308 

NOP (xlO) 

0x00000000 

N/A 

312 

BGZ $4, OxOOOA 

0xlC80000A 

I 

316-352 

NOP (xlO) 

0x00000000 

N/A 

356 

LW $0, $0, 0xAFC4 

0x8C00APC4 

I 

360 

LW$0, $18,0x57E4 

0x8C1257E4 

I 

364 - 372 

NOP (x3) 

0x00000000 

N/A 

376 

J 0x000000 

0x08000000 

J 

380-388 

NOP (x3) 

0x00000000 

N/A 
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Due to the number of signals present in the processor and duration of the 
simulation, the outputs of the ISim timing diagram are summarized in this section. A 
complete ISim timing diagram for the test program is included in Appendix B. 
Additionally, since the fault-tolerant capabilities of the pipeline registers have already 
been verified in Section A of this chapter, only one of the three parallel processors 
(processor A) is considered. For each instruction, it is critical the control flags are 
appropriately set during the ID stage. This ensures activation of the appropriate 
combinatorial logic modules by the remaining stages proceed as expected. I-format 
instructions must select the IMM operand over a second register operand, obtain the 
correct ALU result, and write-back to the register. R-format instructions must choose the 
correct write-back register, obtain the correct ALU result, and write-back the result to 
the register during the appropriate clock cycle. Load word and store word instructions 
must reference the appropriate register file and memory addresses and show that these 
locations were written correctly. Finally, the branch and jump instructions must exhibit 
successful change of the next PC address at the PC selector module in the MEM stage. 
Additionally, branch instructions must exhibit the correct comparison between the branch 
flags from the ID stage and the comparison bits from the EX stage. 

1. I-Format Instructions 

The ANDI and ORI instructions (memory addresses 60 and 64, respectively) and 
their propagation through the pipeline are evaluated during this section. Eirst, the ID 
stage outputs of these instructions are displayed in Figure 30. The instruction being 
operated on at any point by the ID stage is denoted in the inst_a row of the timing 
diagram and can be cross-referenced with the hexadecimal format in Table 8. The ANDI 
instruction is present in the ID stage from 32 - 34 ns and the ORI instruction from 34 - 
36 ns as shown in Figure 30. The faluop_a is initially set to two and transitions to three 
at 34 ns, which correlates with the ALU operations listed in Table 5. The IMM field of 
each instruction is sign-extended and forwarded to a multiplexer in the EX stage. Only 
the falusrc_a and fregwrite_a flags are set for I-format instructions. The falusrc_a flag 
triggers the EX stage multiplexer to select the sign-extended IMM value over the second 
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register operand. The fregwrite_a flag serves as a write enable signal when the result is 
written back to the register file during the WB stage. 


Name 

Value 

1 1 1 1 

32 ns 

i 1 1 1 1 1 1 1 i 

33 ns 

i 1 1 1 1 1 1 1 i 

34 ns 

i 1 1 1 1 1 1 1 i 

35 ns 

i 1 1 1 1 1 1 1 i 

36 ns 

1 1 1 1 1 

^ 5^inst_api:0] 

344C0000 

00225... ) 

! 3M 

iffff ] 

( 3^ 

)000 1 

: 

falusrc_a 

1 







fbeq_a 

0 







fbgez_a 

0 







fbgz_a 

0 







fblez_a 

0 







fblz_a 

0 







fbne_a 

0 







firqp_a 

0 







fjump_a 

0 







fmemread_a 

0 







IJl fmemtoreg_c 

0 







fmemwrite_a 

0 







fregdst_a 

0 







fregwrite_a 

1 







^ faluop_ap;0; 

3 

1 ) 



r- ■ 

: 



► i@ freg_la[4:0] 

12 

^ ) 

; 1 

1 ; 


1 ) 


► ig freg_2a[4:0] 

0 

10 ) 

; 3 

1 ; 

r- f 



^ ig fshamt_a[4:0 

0 

0 ) 

; 3 

1 : 

f 



^ ig half_word_e: 

00000000 

00005... ) 

; ooo( 

Iffff : 

; 0000 

3000 ) 


^ ig read_data_li 

OOOOfffO 


000000a ) 


oooc 

fffo 


^ ^ read_data_2i 

00000000 


^OOOfffO ) 


0000 

3000 


► Bg fjump_addr_ 

01300000 

00894... ) 

[ 0121 

fff: : 

; 0130 

3000 ) 


^ Ig fnpc_addr_a 

00000044 

00000... ) 

; 0000 

1040 ; 

{ 0000 

3044 ) 



Figure 30. ID stage outputs for the I-format instructions ANDI, and ORI. 


The EX phase performs three critical functions for I-format instructions. First, the 
ALU input multiplexer must select the sign-extended IMM field as the second ALU 
operand. Second, the ALU must produce the correct mathematical result. Finally, the 
write-back address multiplexer must determine the correct register to which the result is 
forwarded. Each of these tasks is verified in Eigure 31. The second operand to the ALU is 
OxOOOOFFFF for the ANDI instruction and 0x00000000 for the ORI instruction. Both of 
these operations produce the result OxOOOOFFFO displayed in the alu_result_a row. The 
wb_reg_addr_a row indicates the result of the operation is written to registers $11 and 
$ 12 . 
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Name 1 

1 Value 

. 

34 ns 

1 1 1 1 1 1 1 1 1 

35 ns 

1 1 1 1 1 1 1 1 1 

36 ns 

1 1 1 1 1 1 1 1 1 

37 ns 

1 1 1 1 1 1 1 1 1 

38 ns 

fbeq_a 

0 







fbgez_a 

0 







fbgz_a 

0 







fblez_a 

0 







fblz_a 

0 







fbne_a 

0 







firqp_a 

0 







fjump a 

0 







fmernread_a 

0 







fmemtoreq t 

0 







fmernwrite_a 

0 







fregwrite_a 

1 







"ifil seq_a 

0 







sgez_a 

1 







"ifij sgz_a 

1 







slez_a 

0 







slz_a 

0 







sne_a 

1 







^ wb_reg_add 

11 

10 : 

; 1 

1 ) 

; 1 

1 ) 

; 

^ wr_mem_dat 

00000000 

oooofffo ; 


0000 

1000 



► fjurnp_addr_ 

012ffffc: 

0089-TO88 : 

; 0121 

fffi: ) 

; 0130 

1000 ) 


^ alu_result_a[ 

OOOOfffO 

ffffiOOla ; 

; oooc 

ifffO ) 

; ooot 

iffm ) 


► br_addr_out: 

0004003 c: 

oooi^c4 : 

; 0004 

103c ) 

; 0000 

1044 ) 



Figure 31. EX stage outputs for the I-format instructions ANDI and ORI. 


In the WB stage, the WB multiplexer selects the correct data source to write to the 
register file. This data is written to the register file during the same clock cycle. This 
function is displayed in Figure 32. The WB multiplexer data changes at 38 ns of 
simulation time to the ALU result of OxOOOOFFFO, previously established as the correct 
result of the ANDI and ORI instructions. The data_outl 1 row displays the output of the 
register $11 and transitions from 0x00000000 to OxOOOOFFFO at 38 ns. Likewise, register 
$12 makes the same transition at 40 ns, one complete clock cycle after the write-back of 
the ANDI instruction is complete. The undefined red signal shown in the input2_a row 
of Figure 32 originates from the data memory module. This signal obtains a defined value 
when a data memory read operation via a load word instruction is processed. 
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Name I 

1 Value 


3-4 ns 

1 1 1 1 1 1 1 1 1 

36 ns 

1 1 1 1 1 1 1 1 1 

38 ns 

1 1 1 1 1 1 1 1 1 

-40 ns 

1 1 1 1 1 1 1 1 1 

-42 ns 

1 1 1 1 1 1 1 1 1 

44 ns 

▼ Jif WB Stage 
▼ Inputs 

sel_a 

0 








► [^inputl_a[31| 

OOOOfffO 


f OOOOfffe ) 

: ffffOOla ) 

i 0001 

fffO ) 

i 00000001 ) 


^ input2_api;:i 

xxxxxxxs 





XKJOocm 



▼ Outputs 

OOOOfffO 








^ data out ap 

i OOOOfffe ) 

f ffffOOla ) 

i 0001 

m ) 

i 00000001 ) 

[ 

▼ ID Stage 

1 








elk 

1 

1 

1 

1 

1 


▼ Register File 









► l^^data[3i*q 

j OOOOfffO 

f OOOOfffe ) 

f ffffOOla ) 

i 0001 

m ) 

i 00000001 ) 


^ wr_regpi:0] 

00001000 

1 

J 

[ 00000200 ) 

[ 00000400 ) 

; 00000800 ; 

; 00001000 ) 

[ 00002000 ) 

; 0 

wr_en 

1 

\ ~ 







^ ii|^ data_outOp] 

00000000 












00000000 



^ i||^ data_outip] 

0000000a 





OOOOOOOa 



^ i|j^ data_out2p] 

OOOOfffO 





OOOOfffO 



^ data_out3p] 

00000000 





00000000 



^ Ij^ data_out4p] 

OOOOfffa 





oooofffe 



^ data_out5p]' 

ffffOOOS 





ffffooos 



^ data_out6p] 

OOOOfffa 





oooofffe 



^ data_out7p] 

00000000 





00000000 



^ data_outSpi 

00000000 





00000000 



^ ^1^ data_out9p] 

OOOOfffa 

J 




oooofffe 



^ data_outlOp 

ffffOOla 


00000000 ) 



ffffOOli 



^ data_outllp 

OOOOfffO 


000001 

100 ) 

: 


OOOOfffO 


^ data_outl2p 

OOOOfffO 

~ 


00000000 



oooofff 

: 











Figure 32. WB stage outputs for the I-format instructions ANDI and ORI. 


2. R-Format Instructions 

Propagation of the AND, OR, NOR, and XOR instructions (memory addresses 
16, 20, 24, and 28, respectively) are considered in this section. The ID stage outputs for 
this subset of instructions are shown in Figure 33. From 10 - 18 ns the faluop_a signal 
cycles sequentially through values two, three, five, and four. Referencing Table 5, we see 
that these ALU operations correspond to the AND, OR, NOR, and XOR sequence 
desired. The two flags set high are fregdst_a and fregwrite_a. The fregdst_a flag 
indicates the destination register is contained in the rd register field, which is the correct 
setting for R-format instructions. The fregwrite_a flag has the same functionality 
displayed during the WB stage of the I-format instructions discussed in the Subsection 2 
of this section. 
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Name I 

Value 1 1 

8 ns 

1 1 1 1 1 1 1 1 1 

10 ns 

1 1 1 1 1 1 1 1 1 

12 ns 

1 1 1 1 1 1 1 1 1 

14 ns 

1 1 1 1 1 1 1 1 1 

16 ns 

1 1 1 1 1 1 1 1 1 

▼ ^ Inputs 

"Lfe irqp_a 

0 







wr_en_a 

1 







^ ^inst_a[31:0] 

100221024 

_ 

00000000 ; 

: 00221824 ) 

: 00222025 ) 

[ 00222827 ) 

: 0022.3026 1 

► jump_addr_c 

00666030 


00000000 ; 

; 00886090 ) 

[ 00888094 ) 

[ 0088a09c ) 

[ 0088C098 3 

^ ^ npc_addr_a[: 

00000014 

D 

/ 

; 00000010 ; 

; 00000014 ) 

[ 00000018 ; 

t 000000 Ic ) 

; 00000020 3 

^ wr_addr_a[4;: 

2 

; 1 1 

[ 2 ) 



[ 3 ; 

^ ^ wr_data_a[3d 

OOOOfffO 

; oooooooa ; 

[ OOOOfffO ) 


00000000 


▼ ^ Outputs 

14 falusrc_a 

0 






fbeq_a 

0 







fbqez a 

0 







fbgz_a 

0 







fblez_a 

0 







fblz_a 

0 







fbne_a 

0 







firqp_a 

0 







fjump_a 

0 







fmemread_a 

0 







fmemtoreg_L 

0 







fmemwrite_a 

0 







fregdst_a 

1 







fregwrite_a 

1 













^ i|§ faluop_ap;0; 

2 


7 ; 

; 2 ) 

; 3 ; 

t 5 ) 

; ^ 3 

► "a freg_la[4:0] 

2 


0 ; 





► i@ freg_2a[4:0] 

3 



[ 3 ) 

; 4 3 

t 5 ) 

; 6 3 

^ la fshamt_a[4:0 

0 




0 



^ la half_word_e: 

00001624 


00000000 ; 

[ 00001824 ) 

; 00002025 ) 

t 00002827 ) 

[ 00003026 3 

^ la read_data_li 

00000000 


00000000 

X 


0000000a 


^ ia read_data_2i 

00000000 


00000000 

X 


OOOOfffO 


► ia fjLimp_addr_ 

00666030 


00000000 : 

; 00886090 ) 

[ 00833094 ; 

( 0088a09c ) 

; 0088C098 3 

^ la fnpc_addr_a 

00000014 


; 00000010 ; 

[ 00000014 ) 

; 00000018 ; 

( 0000001c ) 

[ 00000020 3 


Figure 33. ID stage inputs and outputs for the R-format instructions AND, OR, XOR, 

and NOR. 


In the EX stage, each of these instructions takes the data contained in registers $1 
(OxOOOOOOOA) and $2 (OxOOOOFFFO) as operands. The result of each logical operation is 
shown by the alu_result_a row in Figure 34. Only the regwrite_a control flag is 
forwarded from this stage (displayed as fregwrite_a in Figure 34). The regdst_a flag is 
terminated in the EX stage when it is used as a selector bit to the write-back register 
address multiplexer. It is also important to note the comparison bits sne_a, sgz_a, and 
sgez_a are set high following the output of all four R-format instructions because the 
register values for each of them are the same. Since no branch flags are set during the ID 
stage, the processor does not trigger a branch/jump selector flag during the MEM stage. 
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Name 1 

1 Value 

. 1 . . . . 

12 ns 

1 1 1 1 1 1 1 1 1 

14 ns 

1 1 1 1 1 1 1 1 1 

16 ns 

1 1 1 1 1 1 1 1 1 

18 ns 

1 1 1 1 1 1 1 1 1 

IJl fbeq_a 

0 






fbqez a 

0 






fbgz_a 

0 






fblez_a 

0 






fblz_a 

0 






fbne_a 

0 






firqp_a 

0 






fjump_a 

0 






fmemread_a 

0 






fmemtoreq l 

0 






fmemwrite_a 

0 






fregwrite_a 

1 






seq_a 

0 






sgez_a 

1 






sgz_a 

1 










slez_a 

0 






slz_a 

0 





sne_a 

1 






^ wb_reg_add 

3 

0 ; 

; 3 ) 

( ^ ) 

^ ^ ^ 

: 6 3 

^ 1^ wr_mem_dat 

OOOOfffO 

00000000 ; 


oooc 

fffiO 

y 

► fjump_addr_ 

00GG6030 

00000000 ; 

; 00886090 ) 

; 00888094 ) 

; 0088a09c ) 

; 0088C098 3 

^ alu_result_a[ 

00000000 

0 ( 

000000 ) 

; OOOOfffe ) 

; ffffi0005 ) 

; OOOOfffa 3 

► br_addr_out 

000060a4 

00000010 ; 

; 000060a4 ) 

[ OOOOSOac ) 

[ OOOOaObS ) 

; OOOOcObS 3 


Figure 34. EX stage outputs for the R-format instructions AND, OR, XOR, and 

NOR. 


Finally, the WB stage of the R-format instruction is evaluated. This stage of 
execution is shown in Figure 35. Identical to an I-format instruction, the WB multiplexer 
first chooses between the ALU result and data memory output to be written into the 
register file. The sel_a input, controlled by the memtoreg_a flag is set low, which 
ensures the write-back data originates from the ALU. During the positive clock edges 
occurring from 16 - 24 ns, the WB multiplexer output, data_out_a, matches the data 
received as input to the register file. The input2_a signal is still undefined at this point in 
the simulation because the first load word instruction has not yet entered the MEM stage. 
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W ) 1 |' WB Stage 
▼ Inputs 
sel.a 

► ^ inputl_a [31 
^ ^ input 2 _a [31 
T ^ Outputs 

^ data.jiirf=rf] 


▼ ID Stage 
elk 

▼ Register File 
^ ^ wr_data[ 31 : 0 | 
► ^ wr_regpi:0] 
wr_en 

^ data_outop] 

^ data_outipj 

^ m data_out2p] 
^ data. 


:ut3l 


^ data_out 4 p]! 
Sg data^^sgj 


OOOOfffa 

xxxxxxxx 


OOOOfffa 

00000010 


00000000 

0000000a 

OOOOfffO 

00000000 

OOOOfffa 

00000000 

00000000 



16 ns 1 

18 ns 1 

20 ns 1 

22ns 1 

24 ns 1 

26 ns 1 








00( 

looooo : 

[ OOOOfffa ) 

J ffffOOOS 3 

[ OOOOfffa 3 

J 00000006 

ooooooo( 




XXXXX 

OCK 










00( 

100000 : 

: OOOOfffa ] 

: ffffOOOS 3 

: OOOOfffa 3 

: 00000006 3 

: oooooooc 








1 

1 

! 

1 _ 

! 

1 

_ 




1 I 



001 

100000 : 

t OOOOfffa ) 

[ ffffOOOS ) 

1 OOOOfffa 3 

00000006 3 

: oooooooc 

00000001 ) 

[ 00000008 : 

J 00000010 3 

( 00000020 ) 

i 00000040 3 

: 00000080 3 

: 00000100 3 




- 1 

1 - 











UUUUU 

;uu 






00000 

)0a 






OOOOf 

=fD 






00000 

)00 



001 

lOOOOO : 

: 


OOOOfffa 




00000000 

) 



ffffOOOS 



00 

0 

0 

0 

0 

0 

) 

! 

OOOOfffa 



Figure 35. WB stage outputs for the R-format instructions AND, OR, XOR, and 

NOR. 


3. Load Word and Store Word Instructions 

The load word and store word instructions are currently the only instructions in 
the ISA that interact with data memory. They essentially have the same structure as I- 
format instructions, but the control flags they trigger force different outputs, particularly 
during the MEM and WB stages. There is one of each load word and store word 
instruction in the testing program located at addresses 84 and 88, respectively. The ID 
stage outputs for each of these instructions are displayed in Figure 36. 

The load word instruction is present in the ID stage from 43 - 45 ns of simulation 
time. Decoding this instruction produces the registers $0 in the reg_la row and $17 in the 
reg_2a row, a zero in the aluop_a row indicating addition, and an IMM field with the 
offset value 0x00000000 in the half_word_ext_a row. Additionally, the fregwrite_a, 
falusrc_a, fnieniread_a, and fnienitoreg_a control flag rows are set high. The 
fmemread_a flag serves as a read enable signal to the data memory module in the MEM 
stage. The nienitoreg_a flag is forwarded to the WB multiplexer where it selects the 
output of the data memory module over the result of the ALU to write to the register file. 

The store word instruction is present in the ID stage from 45-47 ns of simulation 
time. This instruction decodes reg_la as $11 and reg_2a as $0, zero as the aluop_a 
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output, and 0x00000004 for the offset. The store word instruction sets the falusrc_a and 
fmemwrite_a flags from the control module. The fmemwrite_a flag is forwarded to the 
MEM stage where it functions as a write enable bit for the data memory module. 


Name | 

1 Value 

1 1 1 1 1 1 1 

44 ns 

1 1 1 1 1 1 1 1 1 

45 ns 

1 1 1 1 1 1 1 1 1 

46 ns 

1 1 1 1 1 1 1 1 1 

47 ns 

1 1 1 1 1 1 1 1 1 

^ [^mst_api:0] 

1 BcllOOOO 

29500004 ; 

[ Sell 

)000 ) 

[ acObi 

)004 ] 

IJl falusrc_a 

1 






fbeq_a 

0 






IJl fbgez_a 

0 






fbgi_a 

0 






IJl fblei_a 

0 






IJl fblz_a 

0 






IJl fbne_a 

0 






IJl firqp_a 

0 






IJl fjump_a 

0 






IJl fmemread_a 

1 






IJj fmemtoregj 

1 






IJl fmemwrite_a 

0 






IJj fregdst_a 

0 






IJl fregwrite_a 

1 






^ m faluop_a[3;0; 

0 

10 ; 





► i@ freg_la[4:0] 

17 

16 ; 

; 1 

7 ) 

; 1 

1 3 

► ig freg_2a[4:0] 

0 




0 


^ i|§ fshamt_a[4:0 

0 




0 


^ half_word_e: 

00000000 

00000004 ; 

; 0000 

)000 ) 

; 0000 

)004 3 

^ i|0 rsad_data_li 

ffffOOla 

ff 

fOOla ) 

f 

\ 


00000001 

^ read_data_2i 

00000000 


00( 

100000 


[ 0001 

► fjump_addr_ 

00440000 

05400010 ; 

; 0044 

1000 ) 

; oozci 

)oio 3 

^ fnpc_addr_a 

0000005G 

00000054 ; 

; 0000 

)058 ) 

; 0000 

)05c 3 


Figure 36. ID stage outputs for the load word and store word instructions. 


In the EX stage, the sign-extended IMM operand is added to the first register 
operand to obtain the data memory address which is read or written. This action is shown 
in Figure 37 where opa_a and opb_a are the base register and sign-extended offset, 
respectively. These results are added to obtain the data memory address 0x00000000 and 
0x00000004 displayed in the alu_result_ .a row. This simulation uses data memory 
address 0x00000000 for the load word instruction and address 0x00000004 for the store 
word instruction. Prior to the start of the simulation, each byte in data memory was 
initialized to zeroes with the exception of the first four byte addresses which contain 
ones; thus, a read operation performed on the first byte of data memory writes a value of 
OxFFFFFFFF back to the register file. 
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1 Value 


45 ns 

1 1 1 1 1 1 1 1 1 

46 ns 

1 1 1 1 1 1 1 1 1 

47 ns 

1 1 1 1 1 1 1 1 1 

43 ns 

1 1 1 1 1 1 1 1 1 

49 ns 

1 1 1 1 1 1 1 1 1 

▼ Sf alu 

00000000 







^ ^ a[31:01 


ffffiOOla ; 



o 

o 

o 

o 

o 

o 

o 

^ ^ b[31:0] 

00000000 


00000004 ; 

; 0000 

o 

o 

o 

; 0000 

3004 ) 

^ shsmt[4:0] 

0 





0 


p. ^ cnt[3:0] 

0 


10 ; 



[ 


^ ig result[31:0] 

00000000 


00000000 ; 

; 0000 

o 

o 

o 

; 0000 

3004 ) 

seq 

1 







Iflj sne 

0 







Ifeslz 

0 







Ifl, slez 

1 







Iflj sgi 

0 







Iflj sgei 

1 

_ 







Figure 37. EX stage outputs for the load word and store word instructions. 


The MEM stage is where the load word and store word instructions perform the 
unique operation of interacting with data memory. The MEM stage timing diagram for 
the load word and store word instructions is displayed in Eigure 38. Eirst, the load word 
instruction enters the MEM stage at 48 ns in simulation time. The wr_en signal is set 
high because it is linked to the memread_a control flag set in the ID stage. The data_out 
row of the data memory module transitions from an undefined output to the 
aforementioned value OxEFEEEEEE expected at the memory location 0x00000000. 

The store word instruction enters the MEM stage at 50 ns in simulation time. Just 
as the re_en signal was linked to the memread_a control flag, the wr_en signal receives 
the forwarded memwrite_a control flag as input. This causes the inversion of each of the 
re_en and wr_en signals on the load word and store word instructions. Data memory is 
too large to display in the ISim software; however, since the memory location was only 
written once during the simulation, a successful write can be confirmed by checking the 
value column of the objects panel in ISim. This panel displays the first 64 byte addresses 
in data memory and their value at the end of simulation time. The status of this panel at 
the end of the simulation is displayed in Figure 39 and shows byte addresses four through 
seven written with the data OxOOOOFFFO. 
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I Valu-e 


^ ns 1 

^ ns 1 

50 ns 1 

51ns 1 

52 ns 1 

▼ Jif MEM/WB Register 
^ ^ Inputs 
▼ Data Memory 

00000000 







^ m addrpi:0] 


00000000 


; 0000 

3004 ) 


^ ^ data_in[Bl:;0] 

OOOOfffa 


00000000 


; 0001 

fffio ; 


^ uart_data_in 

00000000 





10000000 


re_en 

0 







wr en 

0 







Ifiiirq 

0 







tK_enable 

0 







tK_emptyr 

1 







^ data_out[Bl: 

xxxxxxxs 

: XKX... ) 




ffffffff 


^ uart_data_oi 

xxxxxxxx 





axxxm 


ld_tK_data_fl 

0 








Figure 38. MEM stage outputs for the load word and store word instructions. 


V ^ data_nnernory... 

11111111 

^ [07:0] 

11111111 

t> ^ [17:0] 

11111111 

t> ^ [27:0] 

11111111 

t> ^ [37:0] 

11111111 

t> ^ [47:0] 

00000000 

t> ^ [57:0] 

00000000 

t> ^ [67:0] 

11111111 

> ^ [77:0] 

11110000 


Figure 39. ISim object panel display of the first eight bytes of data memory after 

simulation. 


The WB stage of the processor performs the same basic operation for the load 
word instruction as for the I-format and R-format instructions. For the load word 
instruction, data sent to the register file comes from the data memory module output vice 
the ALU. The WB stage timing diagram for the load word instruction in the processor 
test program is displayed in Figure 40. When the simulation reaches 50 ns, the sel_a bit 
in the WB multiplexer is set high, and the data_out row carries the data read from 
memory. During this same clock cycle, near the bottom of Figure 40, a transition occurs 
in data_outl7 of the register file indicating register $17 was written with the data from 
memory location 0x00000000. 
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Name 


^ Hg inputl_a[31::i 
^ i|g inpu1:2_.a[31:i 

▼ Outputs 

► ■» data_out_ap 
▼ Jfc' ID Stage 

elk 

▼ Register File 

^ Hg wr_data[31::0 

► m wr_reg[31:0] 

wr_en 

^ data_outj0[3] 
^ data_outl|3d 
^ ig data_out2[3] 

► data_out3[3d 
data_out4|3d 

► •i data_out5[3] 
^ data_Dut6pd 

► ig data_out7|3d 

► data_outS[3] 
data_out9[3d 

► M data_outlO[: 
^ data_Dutll[: 
^ Ig data_outl2[: 

► data_outl3[: 
^ data_outl4[: 

► data_outl5[: 

► •S data_outL6[: 


Value 


00000001 

sxxsxxxx 


data_outl6[: 
ST data_outL7[: 


00000001 

00002000 

1 

00000000 

0000000a 

OOOOfffO 

00000000 

OOOOfffa 

ffffOOOS 

OOOOfffa 

00000000 

00000000 

OOOOfffa 

ffffOOla 

OOOOfffO 

OOOOfffO 

00000001 

00000000 

00000000 

00000000 


00000000 


1 1 1 1 1 1 1 1 1 

50 ns 

1 1 1 1 1 1 1 1 1 

51 ns 

1 1 1 1 1 1 1 1 1 

52 ns 

1 1 1 1 1 1 1 1 1 

53 ns 

1 1 1 1 1 1 1 1 1 







00000000 


; 0000 

3004 3 





ffffffff 






00000000 3 

^ ffff 

Ffff 3 

{ 0000 

i004 3 













00000000 3 

^ ffff 

Ffff 3 

( 0000 

i004 3 






00010000 3 

; 0002 

3000 3 

( 0000 

isoo 3 












00000000 





0000000 a 





OOOOfffO 










00000000 










oooofffe 





ffff0005 





OOOOfffe 





00000000 





00000000 










OOOOfffe 










ffffOOla 





OOOOfffO 





OOOOfffO 





00000001 





00000000 










00000000 










00000000 


00000000 ] 

! 



ffffffff 


Figure 40. WB stage outputs for the load word and store word instructions. 


4. Branch Instructions 

Branch instructions, like load word and store word, essentially follow the same 
structure as I-format instructions. During the EX stage, branch instructions compare the 
rs and rt registers, but the ALU result is insignificant. The comparison bits from the 
ALU and branch flags from the ID stage are then compared in the MEM stage to 
determine if the requirements for a branch instruction have been met. If the branch 
criteria are met, the address and a branch flag are forwarded to the PC selector module. 
The PC selector module is then responsible for changing the PC to the branch address if 
the flag is set high. The branch-on-equal (BEQ) instruction located at address 92 of 
instruction memory is evaluated to show the functionality of branch instructions. 
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In the ID stage, branch instructions trigger at least one of the six possible branch 
control flags. The BEQ instruction triggers the fbeq flag at 160 ns into the simulation 
shown in Figure 41. No other control flags are set by branch instructions during the ID 
stage. 


Name 1 

1 Value 


160 ns 

1 1 1 1 1 1 1 1 1 

161ns 

1 1 1 1 1 1 1 1 1 

162 ns 

1 1 1 

▼ ^ Outputs 

f.alusrc_a 

1 

— 




fbeq_a 

0 




fbgez_a 

0 





fbgz_a 

0 





fblez_a 

0 





fblz_a 

0 





fbne_a 

0 





firqp_a 

0 





fjump_a 

0 





fmemread_a 

0 





fmemtoreg_a 

0 





fmemwrite_a 

0 





fregdst_a 

0 




fregwrite_a 

1 





^ faluop_a[3:0] 

10 


0 

> 

f 

\ 

^ freg_la[4:0] 

16 

Z) 

p- 



► ^ freg_2a[4:0] 

0 





^ #11 fshamt_a[4:0] 

0 





^ ^ half_word_e3d:_a[31:0] 

00000004 

z 

[ 0000 

DOOa ) 

f 

\ 

^ read_data_la[31::0] 

ffffOOla 





^ read_data_2a[31;0] 

00000000 


00000045 ) 



► fjump_addr_a[31:0] 

05400010 

z 

; 0000 

]028 ; 

f 

\ 

^ fnpc_addr_a[31:0] 

00000054 

z 

[ 0000 

D060 ) 

f 

\ 


Figure 41. ID stage outputs for the BEQ instruction. 


The ALU result calculated in the EX stage is not used in data memory or the WB 
stage. The ALU result is by-passed by setting the control flags fmemread_a, 
fmemwrite_a, and fregwrite_a low from 162 - 164 ns shown in Figure 42. In the BEQ 
instruction, both ALU operands are compared to determine the branch conditions have 
been met. These outputs are depicted in Figure 42 as seq_a, sne_a, sgez_a, sgz_a, slez_a, 
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and slz_a. Since both register operands have a value of zero, the seq_a, sgez_a, and 
slez_a bits are set high. These flags and comparison bits are further analyzed by the 
branch multiplexer and address selector modules during the MEM stage. 


1 

1 Value 

fbeq_a 

0 

fbgez_a 

0 

fbgz_a 

0 

fblez_a 

0 

fblz_a 

0 

fbne_a 

0 

firqp_a 

0 

fjump_a 

0 

fmemread_a 

0 

fmemtoreg_a 

0 

fmemwrite_a 

0 

fregwrite_a 

1 

seq_a 

0 

sgez_a 

1 

sgz_a 

1 

slez_a 

0 

slz_a 

0 

sne_a 

1 

^ wb_reg_addr_a[4:0] 

15 

p. ^ wr_mem_data_a[31:0] 
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Figure 42. EX stage signals while exeeuting the BEQ instruction. 


The EX stage also calculates the branch address that is forwarded to the PC 
selector module. The memory offset included in the IMM field essentially represents the 
number of instructions that are skipped if the braneh eriteria are met. This value is first 

eonverted to a byte-addressable memory offset performed by logical left-shifting the 
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sign-extended IMM field by two bits, effectively multiplying the offset by four. This 
function is shown by the addr_in, increment, and addr_out rows in Figure 42. The 
offset from the IMM field, OxOOOOOOOA, is converted from 10 words to 40 bytes in the 
increment row. This result is added to the addr_in row to obtain a branch address 
location of 136 which is forwarded to the MEM stage via the addr_out output. 

The MEM stage is particularly important for branch instructions because of the 
operations performed by the address selector and branch multiplexer modules. Inputs and 
outputs of these modules are displayed in Figure 43. At 164 ns of simulation time the 
branch control flags and comparison bits from the EX stage enter the MEM stage. The 
branch multiplexer performs comparisons between each branch control flag and its 
corresponding comparison result from the ALU. For the BEQ instruction under 
consideration, the beq control flag and seq comparison bit are both set high during this 
clock cycle. This results in the branch output signal being set high and forwarded to the 
address selector module. 

The address selector module takes the branch address obtained in the EX stage 
and branch output of the branch multiplexer as inputs. The branch input is represented in 
the br_sel row of Eigure 43. A comparison is then made between the br_sel and 
jump_sel inputs that determines the appropriate address to forward to the PC selector 
module. The output brjump_sel_out is essentially a XOR of the two bits since it is not 
possible to have a branch and jump flag in the same clock cycle. For the BEQ instruction 
under consideration, the brjump_sel_out bit is set high, which causes address 136 to be 
placed on the addr_out connection to the PC selector module. 
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1 1 

1 Value 

▼ Branch MultipleKcr 


1ft beq 

0 

1ft bne 

0 

1ft biz 

0 

1ft bgz 

0 

1ft blez 

0 

1ft bgez 

0 

1ft seq 

0 

1ft sne 

1 

1ft siz 

1 

1ft sgz 

0 

1ft slez 

1 

1ft sgez 

0 

branch 

0 

▼ ^ Address Selector 


br_sel 

0 

jump_sel 

0 

^ br_addr|31j0] 

0001c0f4 

^ ^ jump_addr[31:0] 

OBZBcOaS 

^ >3 addr_out[31j0] 
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1 

164 ns 

1 1 1 1 1 1 1 1 1 
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Figure 43. MEM stage inputs and outputs of the branch instruction. 


Finally, the PC selector module detects the br jump_sel_out signal and changes 
the PC address. The branch PC address is received at the brjump_addr input shown in 
Figure 44. The npc address in the PC Selector grouping changes from 104 to 136 at 164 
ns, indicating the branch address has been selected over the PC plus four address 
location. It is important to note the br jump_addr and br jump_sel flag inputs arrive at 
the PC selector module on the clock cycle spanning 164 - 166 ns. This indicates the 
result of the branch instruction is obtained immediately following any combinatorial 
logic delay experienced through the branch multiplexer and address selector modules. It 
is also shown in Figure 44 that two complete clock cycles must execute before the branch 
address is available in the PC register; thus, two NOP instructions must follow a branch 
to ensure pipeline hazards do not occur. 
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1 Name 1 

1 Value 1 

P- UART 

▼ PC Selector Module 

^ Inputs 


^ Ijj^ wr_data[31:0] 

00000055 

^ wr_reg[31:0] 

00000001 

Ife elk 

1 

wr_en 

1 

^ }ft' Outputs 
▼ Jfc' PC Selector A 


brjump_sel 

0 

irq 

0 

► brjump_addr[31:0] 
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► ^ pc4_addr[31:0] 
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^ ig npc[31:0] 
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0 
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0 

1^, irq_processing 

0 

^ 1^ irq_return_addr[31:0] 
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00000034 
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▼ Jif IF Stage 
▼ Jlf Inputs 
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; 00000090 3 











; 96 3 

; 100 3 

; 104 3 
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[ 00000001 
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[ 144 3 


Figure 44. PC selector module and PC register transitions upon receipt of a branch 

address. 


5. Jump Instructions 

The jump instruction has a unique format but executes in a very similar manner to 
the branch instruction. The only jump instruction featured in the test program occurs at 
address 376, which is performed to restart execution of the test program again at address 
0 in instruction memory. The majority of work associated with jump functions occurs in 
the IF stage. A jump address is formed by concatenating the four most significant bits of 
the PC plus four address, the 26 least significant bits of the jump instruction, and two 
zero bits. This operation is verified in Figure 45, which displays the 26-bit inst_in and 
4-bit npc signals as inputs. The complete 32-bit output address is displayed in the 
inst_out row of Figure 45. 
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Name 1 

1 Value 

1 1 1 1 1 1 1 1 

103 ns 

1 1 1 1 1 1 1 1 1 

104 ns 

1 1 1 1 1 1 1 1 1 

105 ns 

1 1 1 1 1 1 1 1 1 

106 ns 

1 1 1 1 

T m IF Stage 

▼ Sf Inputs 
"ife irqp.a 

0 






► pc_a[31:0] 
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3 

72 ) 

! 3: 

^ ) 


▼ ^ Jump Shifter 

000000000 






► ii instjn[25:0] 



oooooooooooooc 

000000000000 


^ npc[3:0] 
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ooc 
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^ ^ inst_out[31:0] 

OOOOOOOOOI 



ooooooooooooooooc 

000000000000000 
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IJ) firqp_a 
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► ^ fjump_addr_api:0] 

00000000 
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^ i|^ instruction_a[31:0] 
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JOOO ) 

f 

\ 
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3 

76 ) 
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Figure 45. IF stage outputs of the jump instruction. 


In the ID stage, the jump control flag is the only flag bit set for the jump 
instruction. The jump address and control flag are then forwarded to the address selector 
module in the MEM stage. Similar to the branch instruction, the address selector uses the 
jump control flag and jump address to forward the correct output back to the PC selector 
module. This output is verified in Figure 46. The jump_addr value is zero, and 
jump_sel flag bit is set high from 110 - 112 ns of simulation time. This produces an 
addr_out output of zero and sets the br jump_sel_out flag set high. During the same 
clock cycle, the zero address is received at the PC selector module indicated by the 
br Jump_sel_a and br jump_addr_a signals in Figure 46. 


1 Name 1 
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Figure 46. MEM stage and PC selector module outputs of the jump instruction. 
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C. UART TESTING 

The UART is the last critical component of the payload processor requiring 
functional testing. The UART passes data received on its serial transmission connection 
to the pipeline via the PC selector module as discussed in Chapter IV; therefore, a 
majority of the testing for the receive function focuses on the PC selector module. The 
test program verifies successful placement of received UART data in memory using a 
load word instruction since the ISim software does not display more than the first 63 data 
memory addresses in its wave configuration panel. UART transmit verification was 
simpler to perform since the load word instruction referencing mapped memory initiates 
the transmit process. The load word instructions associated with transmitting and 
receiving UART data are located at addresses 356 and 360 of the test program, 
respectively. 


1. UART Receive Testing 

The UART is required to send an IRQ to the processor pipeline upon successful 
receipt of a single byte of data. Once acknowledgment is received from the PC selector 
module of the processor, the data is forwarded to memory where it remains until the 
interrupt processing flag arrives at the MEM stage. In order to verify this task, simulated 
data was sent on the serial connection line of the UART via a test bench file. Once the 
UART and processor perform their aforementioned tasks, the test program eventually 
executes the load word instruction at address 360, which places the received data into a 
register that can be viewed from the ISim software package. 

The receipt of data from the serial interface begins when the rx_enable bit is set 
high. This action is performed at 2 ns into the simulation depicted by Figure 47, when the 
reset bit transitions from high to low. Signal sampling on the serial connection begins 
immediately following the low to high transition of the rx_enable_a signal shown in 
Figure 47. The receive and processor clocks were run at the same rate during this 
simulation. Typically, the receive clock operates at a much slower rate than the processor 
clock, but the two were matched to better view the simulation results. The receive clock 
required 16 clock cycles (32, 1 ns clock transitions) to obtain one bit. Ten total bits were 
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received, including the preamble zero and terminating one which remains on the rx_in 
line following receipt of the bits. 


1 Name I 
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Figure 47. Inputs and outputs of the UART receive system during testing. 


The signal is completely received by the UART following its final sample at 312 
ns into the simulation as shown in Figure 48. Immediately following the tenth sample, the 
rx_irq_a interrupt flag is raised and sent to the PC selector module. The PC selector 
module recognizes the IRQ as the highest priority operation and immediately sends an 
acknowledgement via the ack_a signal back to the UART. The ack_a signal then triggers 
the uld_rx_data_a bit in the UART causing it to forward the received data to the data 
memory module. The PC selector module then places the processor in an IRQ processing 
state by setting the irq_processing flag bit high. The npc_a value is changed to the first 
address of the ISR in instruction memory, and the curr_pc register holds the second ISR 
address. This configuration of the npc_a and curr_pc values causes the processor to 
continue its ISR during the next clock cycle. 
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Name 

1 Value 


310 ns 1 

312 ns 1 

314 ns 1 

316 ns 1 
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320 ns 1 
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: 44988 3 
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W ]ll‘ Outputs 

14 ack_a 

0 









14 irqp.a 

0 









^ ^ npc_api:0] 
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J 44992 3 
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Figure 48. IRQ processing performed by the UART and PC selector module. 


During the clock cycles from 312 - 316 ns, the PC selector module updates the 
pc4_addr_a, curr_pc, and npc_a values using the same method as a standard PC plus 
four increment. From 316-318 ns, while the ISR is using NOP instructions to clear the 
pipeline, the branch instruction at address 356 generates a new branch address and raises 
the brjump_sel_a flag. Since a programmer does not know when the processor is 
performing an ISR, the PC selector module must update the value of the irq_return_addr 
register to the br Jump_addr_a value if the br jump_sel_a flag is raised while the ISR 
is executing. When the ISR is performing its final instruction at address 44996, the PC 
selector module sets the curr_pc and npc_a values to address 356, which was the last 
address stored during the ISR. The irqp_a flag is also raised to accompany the store word 
instruction and propagates through the processor to the MEM phase. 

When the irqp_a signal reaches the data memory module, it provides an 
indication to read input data from the UART interface vice the standard input interface. It 
is shown in Figure 49 at 328 ns the irqp_a flag bit enters the MEM stage where the 
UART data has been present since the PC selector module acknowledged the initial IRQ. 
During this clock cycle the data is written to address 22500, which is the first memory 
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address mapped to the UART. Upon completion of the memory write, the uart_wr_addr 
register is incremented to 22501 on the following clock cycle. If another UART write 
occurs during the simulation, it is written to this address. A load word instruction that 
reads the data in address 22500 immediately follows the UART write operation in data 
memory. The data_out signal indicates the read operation from this memory produces 
the data written by the UART on the previous clock cycle. 
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Figure 49. MEM stage inputs and outputs during a UART receive operation. 


2. UART Transmit Testing 

The testing featured in this subsection focuses on the UART transmit 
functionality. Transmission on the UART serial interface is accomplished by passing the 
data written at a specific memory location (address 44999) to the UART output. It was 
stated in Chapter IV that the data written to this address can only be sent to the UART 
when a load word instruction references this memory address. This approach has the 
advantage of avoiding interrupt procedures which delay the processor from completing 
additional operations on unaffected data. 

The transmission data was first placed into the data memory initialization file at 

address 44999 prior to the start of the simulation. During normal operation of the 

processor this action is typically performed by the store word instruction which was 

verified in Section B of this chapter. An additional load word instruction was added to the 

test program at address 356 of instruction memory and is decoded as 0x8C00AFC4 in 
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Figure 50. Using the instruction set of Appendix C, we can determine when this 
instruction attempts to load a word with base register $0 and offset 44996 and store the 
result back into register $0. 


Name 1 

1 Value 1 

92 ns 

1 1 1 1 1 1 1 1 1 
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1 1 1 1 1 1 1 1 1 

96 ns 

1 1 1 1 1 1 1 1 1 

T }!' IF stage 
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Ift irqp_a 
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► ^ pc_a[31:0] 
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; 360 ! 

▼ Jump Shifter 
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0000000 ; 

; 000afc4 ; 
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^ ^ npc[3:0] 
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^ inst_out[31:0] 
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firqp_a 
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► ^ fjump_addr_a[31:0] 
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; 0002bfl0 5 

; 0049 5f90 ; 

^ i||§ instruction_a[31:0] 

00000000 

00000000 5 

; 8c00afc4 5 

; 8cl257e4 ) 

^ pc4_addr_a[31;0] 

36B 

( _ ^ _5 

; 360 ) 

! 364 ; 

Figure 50. Load word instruction referencing the UART transmit address space. 

During the ID and EX stages this particular instruction propagates in the same 


manner as would any other load word instruction. When the MEM stage is reached, the 
read address location of 44996 causes the data memory module to interpret this load word 
instruction as a signal to transmit the data in address 44999 to the UART. The data 
memory module is programmed to accept any read address input from 44996 - 44999 as 
referencing the memory mapped to the UART. This activity is shown in Figure 51, where 
the combination of the addr and re_en inputs prompts the transition of uart_data_out 
and the ld_tx_data_flag bits at 100 ns. 
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Name I 
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Figure 51. Data memory module inputs and outputs during the UART transmission 

process. 


The ld_tx_data_flag is set high when the UART mapped memory is read to 
provide indication of incoming data to the UART. This data is saved into the tx_data_a 
register, shown in Figure 52, which holds data prior to the tx_enable_a flag being set 
high. This transition occurs in the tx_data_a row of Figure 52 at 100 ns. In the next clock 
cycle beginning at 102 ns, the tx_empty_a bit is set low and the tx_enable_a bit is set 
high which indicates data is received in the receive register and transmission begins. 
Simultaneously, the tx_out output of Figure 52, representing the serial transmission 
medium, transitions from high to low signaling the preamble bit of the UART 
transmission. This is followed by eight data bits (alternating ones and zeroes) from 102 - 
120 ns. At 120 ns of simulation time the tx_enable_a bit transitions from high to low and 
the tx_empty_a flag from low to high, indicating the transmission is complete. The 
tx_out bit ends its transmission by transitioning from low to high where it remains until 
indication of a new transmission is initiated by the ld_tx_data_flag. 
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▼ l|f UART 

reset 0 

▼ }fc' Transmit 

ld_tK_data_a 0 

tK_clk 1 

^ 1^ tK_data_a|7:0] oloioioi 

tx_empty_a I l 

tK_enable_a I 0 

tM_OUt 1 


Figure 52. UART signal transitions during a transmission. 


D. TROUBLESHOOTING 

The majority of eomponents eontained within the proeessor module performed 
simple tasks and were easy to design using Verilog behavioral modeling. During the 
testing and verification process, however, some components exhibited unexpected 
behavior when inserted into the complete processor unit. The most difficult issues 
encountered in the troubleshooting process were related to the PC selector module. The 
PC selector module is undoubtedly the most complex component of the processor 
pipeline since it both interfaces with the external UART and accepts a feedback input 
from the IF stage. Some of the methods and design principles used to overcome errors 
when testing the processor are discussed in this section. 

Initially, the PC selector module design changes its IRQ return address following 
the high to low transition of the branch/jump flag and at each update of the PC plus four 
address while performing ISR instructions. Reassignment of the IRQ return address 
should occur no more than once during an ISR; during same clock cycle the branch/jump 
flag transitions from low-to-high. In the ISim software, it was determined during this 
high-to-low transition of the branch/jump flag that its asserted value was one. This is 
contrary to the other observed transitions in the simulation, which typically take the value 
of the final state of the signal. Asserting a value of one during the high-to-low transition 
of the branch/jump flag combined with the low-to-high transition of the clock resulted in 
the conditions being met for IRQ return address reassignment. The reason for this 
unexpected assertion of the branch/jump signal has not yet been determined; however, 
the issue was resolved by removing assignment of the IRQ return address from the 

sensitivity list of the primary “always” statement in the Verilog module. A new “always” 

85 



































statement was constructed that assigns the IRQ return address to the same value of the 
branch/jump address only at the positive edge of the branch/jump signal. 

Another major issue encountered while designing the PC selector module was the 
assignment of the next PC address during transition from the ISR back to the test 
program. The PC plus four address, which is received as a feedback input from the IF 
stage, points to address 45,000 of instruction memory from 320 - 322 ns which is when 
the ISR to test program transition is imminent. This value is outside the boundaries of 
instruction memory address space. The PC selector module was designed to recognize 
this invalid address, reassign the next PC to the IRQ return address, and add four to the 
current PC holder instead; however, this caused the PC plus four address to have the 
same value as the current PC register on the following clock cycle. An additional manual 
reassignment of the current PC register was included for when the processor exits 
interrupt processing mode and attempts to assign the next PC value. After the second 
increment of the new PC holder, the values are again synchronized and reassignment can 
be performed to the PC plus four address received from the IF stage. 

The branch-on-less-than-zero (BLZ) and branch-on-less-than-or-equal-to- 
zero (BLEZ) instructions initially did not work because the ALU recognized these values 
as unsigned integers. This became apparent in the simulation when the appropriate 
branch flags were set by the control module in the ID stage, but the comparison bits set 
by the ALU in the EX stage indicated a value greater than or equal to zero. Thus, the 
branch multiplexer module did not raise the branch/jump selector flag, and the PC 
selector module passed the PC plus four address vice the branch/jump address to the 
current PC register. This issue was mitigated by testing the most significant bit of the first 
operand to the ALU vice comparing the entire operand to zero. Since negative numbers 
always have a one as the most significant bit in the two’s complement representation of 
integers, this provides an equivalent indication of a negative number. Verilog features an 
integer register declaration to construct registers that are treated as signed vice unsigned 
values, however, this method was unable to be successfully employed in the payload 
processor. Several declarations were attempted according to the format provided in [31] 
but each produced a syntax error in the ISE Webpack compiler. The most significant bit 
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comparison is adequate for testing operands, but implementing the solution with 
established Verilog declarations is preferred for future versions of the processor. This 
prevents the need for additional logie code in the ALU which is required to handle 
eomparisons between registers and perform more complex mathematieal operations. 

E. CHAPTER SUMMARY 

Testing and verifieation of the payload proeessor to ensure the eorreet exeeution 
of its entire ISA and interface with the UART was presented in this chapter. First, the 
pipeline registers were tested to ensure they passed the correct data to the voter circuits. 
These demonstrations also exhibited the voting logic’s ability to clear SEUs that might 
oeeur by seleeting the majority of input bits as output. Next, the proper function of the 24 
instructions supported in the ISA was summarized by organizing the signals into five 
groups and tracking their propagation through the pipeline stages. Finally, the processor’s 
ability to interface with the UART was verified by performing simulated receive and 
transmit operations. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 
FOR FUTURE WORK 

The various fault-tolerant methods and hardware on which a CubeSat payload 
processor could be implemented were investigated, and a design capable of supporting a 
payload attached by a serial communication link was proposed and tested. Wh i le a solid 
framework for the payload processor was established, a significant amount of testing and 
development must be accomplished before the device is ready to fly an actual mission. 
Additionally, various concepts in logic programming development were found to be more 
beneficial at different levels of processor design. The conclusions section speaks 
primarily to the logic design methodology, while the future work section outlines several 
major steps necessary to launch the payload processor as part of a CubeSat mission. 
Ultimately, the successful development of a payload processor for CubeSat missions can 
greatly expand the capabilities of the DOD’s satellite constellation. 

A. CONCLUSIONS 

The initial goals proposed in Chapter I of this thesis were successfully 
accomplished. First, the ITMR fault-tolerant architecture was selected as the best fault- 
tolerance implementation method for the processor. The Xilinx Virtex-5 FPGA was 
determined to be the best implementation platform for the processor due to its increased 
logic resources and performance capabilities over the Actel Pro AS ICS. A hybrid 
HDL/schematic design of the processor was then produced along with a UART serving 
as the serial-to-parallel communication device. Finally, verification of the operation and 
interaction of these devices was performed using the Xilinx ISim logic simulation 
software. 

The payload processor was a complex and detailed design which required 
tremendous attention to detail. While building the ITMR pipeline registers a substantial 
amount of iteration was used in the HDL code. Devices 32 bits or greater in width are 
efficiently constructed using the Verilog “generate” keyword. This syntax allows the user 
to create serialized instances of elements using a “for” loop vice declaring and wiring 
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each individual module in Verilog code or schematics. When the individual pipeline 
registers were combined into ITMR modules, each of the triplicated members was 
declared without use of the “generate” keyword. This allowed for better organization of 
the modules within the ITMR registers, which proved helpful when debugging the 
processor. Top level synthesis of the complete processor pipeline and combinatorial logic 
modules within the pipeline stages was performed using schematic files. The schematic 
layouts allow graphic representation of dataflow within the pipeline and grouping of 
module input and output pins with regard to their association in the ITMR architecture. 

Using a hybrid I/O scheme for the processor offers a flexible approach to memory 
management. By placing control logic in data memory, the processor avoids an IRQ 
when sending data to the UART. Expanding the number of flag bits in the processor 
control module and employing more advanced memory writing techniques can further 
reduce IRQs. Additionally, the hybrid I/O scheme offers a window into what re¬ 
configurability may look like on orbit. While the Virtex-5 block RAM memory 
primitives in [32] are more restrictive than the simulated RAM used in this thesis, the 
logic controlling data memory effectively allows re-sizing and re-addressing. This 
control logic may require an increased level of detail to interface with a Virtex-5 library 
primitive, however, placement of the memory control logic external to the block RAM 
will enable the same functionality achieved in this simulation. 

B. FUTURE WORK 

The payload processor designed in this thesis represents an initial step in the 
advancement of CubeSat technology. It recycles an effective fault-tolerance method and 
uses a simple UART interface to communicate with an I/O device. A significant amount 
of testing and development is required to produce a payload processor able to support a 
CubeSat mission. The following sections are semi-sequentially ordered to provide a way 
forward for development. 

1. Hazard Detection and Exception Handling 

The design proposed in this thesis is not yet capable of handling data and control 

hazards or exceptions [33] [34]. To take full advantage of the speed and efficiency 

90 



pipelined processor offers, hazard detection units, data forwarding modules, and 
exception handling modules should be developed. Implementation of these modules is 
relatively complex since they must not only operate in conjunction with the processor, 
but cooperate with IRQs generated by the UART. 

2. Assembler, Compiler, and ISA Expansion 

CubeSat designers must be able to use high-level programming languages to 
instruct the processor on how to interact with and manage its payload. This requires 
development of an assembler and compiler that are tailored to the processor’s ISA. The 
compiler should support either C or Python as the high-level programming language. 
Development of the compiler and assembler should be performed concurrently with 
expansion of the processor ISA to support all instructions in the MIPS core ISA. Further 
expansion beyond the MIPS core ISA may be required to support onboard processing of 
data using advanced algorithms. 

3. Memory Management 

The data and instruction memory currently implemented in the payload processor 
is small and simplified. The triplicated data memory segments can support a single file no 
greater than 22.5 kB, and instruction memory limits a program to 11,250 instructions. 
Additionally, memory management is entirely contained within the data memory module 
and features no ECCs or caches. Components that handle FPGA memory as a cache or 
virtual memory system will likely need to be developed allowing for interaction with a 
secondary, off-chip storage memory. Secondary storage will likely require several 
gigabytes (GB) of memory for the processor to perform useful operations. The type of 
secondary memory and ECCs that must be implemented to protect stored bits from SEEs 
should also be considered in this research. 

4. Implementation and Testing 

Once the processor hardware design and simulation is finalized, the associated 
Verilog and schematic files should be implemented and tested on the Virtex-5 as a 
complete system. Testing will likely require the creation of additional modules that allow 
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the tester to artificially insert SEUs into the system. Similarly, the desired outputs must 
be identified and routed to a logic analyzer. The PAR results performed by the logic 
design software during this stage will also provide insight into the speed of the 
implemented processor and the quantity of logic resources it consumes on the FPGA. 
This research should seek to verify the ISim results obtained for the HDL models and 
define performance parameters for the hardware with the implemented design. 

5. Hardware Production 

After all of the major hardware components have been designed and successfully 
tested under a variety of inputs, a PCB with the FPGA and associated I/O connections 
should be manufactured. This hardware would serve as a flight test model similar to the 
SADv3 test boards prepared by Parobek for the launch sequencer [1]. The design of a 
standalone PCB would best be performed in an advanced software environment such as 
Altium Designer. The completed PCB must be appropriately wired to support all of the 
desired I/O interfaces, JTAG pins, and power inputs. This PCB would serve the purpose 
of prototype testing for future CubeSat missions and for radiation testing discussed in the 
next section. 


6. Radiation Testing 

As discussed in Chapter III, data pertaining to the radiation hardness of non- 
RADHARD FPGAs is relatively sparse. It was established in [11] and [35] that as the 
embedded device under test (DUT) becomes more complex, control over its testing 
diminishes, and delays resulting from alterations to the original design may overwhelm 
the project. Since the payload processor is a very complex logic design, comprehensive 
measurements of the individual logic modules will likely produce the best estimates for 
overall device radiation hardness. The data obtained in this experiment would provide 
insight regarding which modules and locations of the FPGA are most susceptible to 
SEUs. This research would involve coordination with a facility that possesses a cyclotron 
or other controlled radiation source. Based on the experimental methodology performed 
in [35], this research should be performed concurrently with that proposed in Subsections 
3 and 4 of this section. 
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C. CLOSING REMARKS 

In conclusion, an initial design for the payload processor of a CubeSat featuring a 
fault-tolerant architecture that prevents specific SEEs from disrupting its operation was 
proposed and investigated in this thesis. The design contains an ISA of 24 instructions 
that implement the most fundamental operations of a MIPS processor. Additionally, a 
generic UART device was proposed and tested concurrently with the processor to ensure 
the complete system was capable of receiving and transmitting instructions on a serial 
connection. Though this processor design requires substantial development before it is 
ready for a mission, it establishes a foundation on which future CubeSat payloads can be 
developed. Continued research into payload processor design methods and 
implementation hardware is critical to ensuring the DOD retains a competitive edge in 
CubeSat technology. 
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APPENDIX A. VERILOG CODE AND SCHEMATICS 


This appendix provides the complete code and schematic files required to build 
the payload processor model tested in this thesis. Each section consists of a top level 
pipeline stage or register displayed in a schematic. The components within the pipeline 
stage schematics are triplicated and consist of a wrapper schematic or Verilog file. Base 
level components that implement the actual logic functions are primarily Verilog files 
with some exceptions. The complete payload processor system with the pipeline UART 
modules followed by the pipeline layout is presented in Section A. Schematics and 
Verilog files that comprise each stage and pipeline register beginning with the PC register 
and working sequentially towards the WB stage are displayed in Sections B - K. 
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B 


PC REGISTER 



ir.odnle pc_reg[ (clJc^ pc^ ixqp^ npc^ firqp) ; 
paraiB.eter n = 32; // Processor width 
input [n-l:0] pc; // Input PC value 

input irqpf elk; // Input interrupt request processing flag bit and clock signal 
output reg [n-l:0] npc; // Output PC value 

output reg firqp; // Output interrupt request processing flag bit 

// Swap outputs on the positive edge of the clock 
always 0 (posedge elk) 
begin 

npc <= pc; 
firqp <= irqp; 

end 


// Initialize values 
initial 
begin 

firqp <= 0; 
npc <= 32 

end 

enditodule 
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IF STAGE 



New PC Adder Module 


npc_adctr_aGlGler 


npe -addr in a(3-1:0^ 


adcfr_in(-3-1 :C^dr_Gutf^-1:0) 


npc addr out a(31:^ - 


jump_bits(-3:0) 


jump bits a(3:0)> 


npG_addr_adder 



■ addr_in(-3-1 :C^ddr_Gut(3-1:0) 

' npc ' aClur in ■ i 




. jLimp_bits(3:0) 


— [ npc addr out b(31:0)> - 
— I jump ^ bfts bf3:0i^ 


npG_add,r_adder 


npc addr in e(31:G)V - 


ad dr_i n (-31 ; C^d d r_G u t( 3-1 : 0} 


npc addr out c(31:Qy> 


jLimp_bits(3:0) 


jump bits c(3:0)> 
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mo dul e np c_a ddr_a dde r ( a ddr_in ^ a ddr_out ^ j Tjrap_b its); 

input [31:0] addr_in; // Input address 
output reg [31:0] addr_out; // Output address 

output reg [3:0] jiuHip_bits; // Most significant bits as part of the jump address 
always 0 (addr_in) 

addr_out = addr_in 44; // Calculates the PC ^ 4 address 
always 0 (addr_in) 

jump_bits = addr_in [31:23]; // Forwards the jump address bits| 


endiT-odule 


2. Instruction Memory 


inst mem 


addr a(31;0» 


acidr(31:Q^st_out(31:0) 


inst out a(31:0' 


inst mem 


addr bf31:0)> 


acidr(31 :(il)st_out(31:0) Hlnst out b(31:0)> 


inst mem 


add r c(31:0)y ^Z addr(31:fil)st_out(31:0) n~> - rinst out c(31:0)> 
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mo dnl e ins t_nLeni (a ddr ^ ins ) ; 

inpat wire [31:0] addr; // Input address 

output reg [31:0] inst_out; // Output instruction 

reg [7:0] bO; // Byte 0 

reg [7:0] bl; // Byte 1 

reg [7:0] b2; // Byte 2 

reg [7:0] b3; // Byte 3 

reg [7:0] inst_raenLory_module [0:44999]; // Instruction memory data structure 

// Perform an address to instruction translation each time the input address 
// changes, 
always 0(addr) 
begin 

// Each byte is assigned to an offset value based on the start address 
// of the instruction. Each MIPS instruction is 4 bytes. Once translated 
// from a memory address to an instruction^ the bytes are concatenated. 
bO = inst_memory_module [addr]; 
bl = inst_memory_module [addr + 1]; 
b2 = inst_memory_modale [addr + 2]; 
b3 = inst_memory_module [addr + 3]; 
inst_out = {bOp bl^ b2r b3]-; 

end 

// An initial file is provided with the instructions already translated into 
// machine language, 
initial 
begin 

$ r e a dmemb ("^p a y 1 o a d_p r o c e s s o r_ins t_memo r y_ini 15 . txt" ^ ins t_memo r y_mo dul e) ; 
inst_out = 0; 

end 

endmodule 
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3. Jump Address Calculator 


shift_left2_jump 


npG_a(3:Q~)^ 


npc{3:0) inst_out(31:0) 


inst_out_a(31:0)^ 


in St in a(25 :Q» - 


inst_!n(25:0) 


shift_left2_jump 


npc b(3:Qjy 


npc<3:0) inst_out(31:0) 


inst out b(31:0)> 


in St in b(25 :Q)> - 


inst_in(25:0) 


shift_left2_jump 


npc c(3:Q')y 


npc(3:0) inst_out(31:0) 


inst out c(31:0)^ 


inst -in g(25:Q)> - 


inst_in(25:0) 


nf.odule shif t_left2_jump (npc^ in3t_inf in3t_Gut) ; 

input [25:0] in3t_in; // Number of word3 to jump in in3truction memory 
input [3:0] npc; // Four mo3t 3ignifleant bit3 from PC 
output reg [31:0] in3t_out; // Output in3truction addre33 


initial 

in3t_out = 0; 

// At each transition in. the instruction address or PC bits^ concatenate the 
// PC bitSp jump offsetp and two zeroes. The appended zeroes ensure the next 
// register address will be the start of a word.j 
always 0 (in.3t_in or npc) 

in3t_out = {npcp in3t_inp 2'bOO]-; 


endmodule 
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D. IF/ID REGISTER 


module IF_ID_reg_tnir (clkf in3truction_a, pc4_addr_air juiap_addr_af irqp_af 

f ins true tion_a^ fpc'^_addr_a ^ f jiinip_addr_a, firqp_af in3triiction_b ^ pc4_addr_bf 
iuiap_addr_b, irqp_b(r f ins true tion_bf fpc4_addr_bf f jiirap_addr_b(r firqp_bf 
in3triiction_c^ pc4_addr_Cf juiiip_addr_Cf irqp_Cf f ins tract ion_c, fpc4_addr_c^ 
f juriip_addr_Cr firqp_c) ; 

// Inputs 

input elk:; // Clock: signal 

input irqp_a^ irqp_b^ irqp_c; // Interrupt request processing bits 
input [31:0] in3truction_a, in3truction_b, in3truction_c; // Instructions 
input [31:0] pc4_addr_a^ pc4_addr_b^ pc4_addr_c; // PC ^ 4 addresses 
input [31:0] juii[ip_addr_a, juiap_addr_b^ juiap_addr_c; // Jump addresses 

// Wires connecting the registers to voters 
wire nirqp_ar nirqp_bf nirqp_c; 

wire [31:0] nin3truction_af ninstruction_b, ninstruction_c; 
wire [31:0] npc4_addr_af npc4_addr_b, npc4_addr_c; 
wire [31:0] njump_addr_a, njump_addr_b ^ njump_addr_c; 

// Outputs 

output firqp_a^ firqp_b^ firqp_c; 

output [31:0] finstruetion_af finstruetion_b, finstruetion_c; 
output [31:0] fpc4_addr_af fpc4_addr_bf fpc4_addr_c; 
output [31:0] fjump_addr_a, fjump_addr_b, fjump_addr_c; 

// TMR voters 

tiLr_voter_32bit_trip voterO (.a(nin3truction_a)^ .bCnin3truction_b)^ .c(nin3truction_c)^ 

.da t a_out_a(fins t rue tion_a), .da t a_out_b(fins t rue tion_b), .da t a_out_c(fins t rue tion_c)); 

tmr_voter_32bit_trip voterl (.a(npc4_addr_a), .b(npc4_addr_b)^ .c(npc4_addr_c)^ 

. data_out_a Cfpc4_addr_a)^ . data_out_b(fpc4_addr_b)^ .data_out_c(fpc4_addr_c)); 

tmr_voter_32bit_trip voter2 (.aCnjump_addr_a)^ .b(njump_addr_b)^ .c(njump_addr_c)^ 

.data_out_a(fjump_addr_a)^ .data_out_b(fjump_addr_b)^ .data_out_c(fiump_addr_c)); 
tnir_voter_trip voter3 ( . a Cnirqp_a) ^ .b (nirqp_b) .cCnirqp_c)^ . data_out_a (f irqp_a) ^ 
.data_out_b Cfirqp_b)^ .data_out_c(firqp_c) ); 

// Pipeline registers 

IF_ID_reg reg_a (. elk: (elk) ^ . instruction Cinstruction_a) ^ .pc4_addr (pc4_addr_a) ^ 

.jump_addr(jump_addr_a)^ .irqp(irqp_a)^ .finstruction(ninstruction_a)^ 

.fpc4_addr(npc4_addr_a)^ .fjump_addr(njump_addr_a)^ .firqp(nirqp_a)); 

IF_ID_reg reg_b (.elk(elk)^ .instruction(in3truction_b)^ .pc4_addr(pc4_addr_b)^ 

.jump_addr(jump_addr_b)^ .irqp(irqp_b)^ .finstruction(nin3truction_b)^ 

.fpc4_addr(npc4_addr_b)^ .fiump_addr(niump_addr_b)^ .firqp(nirqp_b)); 

IF_ID_reg reg_c (.clk(clk)f .instruction(instruction_c)^ .pc4_addr(pc4_addr_c)^ 

.jump_addr(jump_addr_c)^ .irqp(irqp_c)^ .finstruction(ninstruction_c)^ 

.fpc4_addr(npc4_addr_c)^ .fjump_addr(niump_addr_c)^ .firqp(nirqp_c)); 

endmodule 
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module CGntrGl_tnix3 (GpcGde_a, fuiict_af rt_a, 
regwrite_af iiaeiiixead_a, iiaeniwxite_af beq_a, 
jijiap_a, aluop_af opcode_b, fuiict_bf xt_b, 
xegwxite_b, iiaeiiixead_b, iiaeniwxite_bf beq_b, 
jimap_bf aluop_bf opcode_Cf funct_c, xt_Cf 
xegwxite_Cf raenixead_Cf iiieiiiwxite_c, beq_Cf 
jmEp_Cf aluop_c) ; 


xegd3t_a, alu3xc_a, 
bne_a, b1z_a, b gz_a 
xegd3t_bf alu3xc_b, 
bne_b, b1z_b, b qz_b 
X e gd3 t_c ^ alu3 x c_c ^ 
bne_c f b1z_c ^ b gz_c 


input [5:0] opcode_a(r opcode_bf opcode_c; 
input [5:0] ftLnct_a(r fiinct_b, fimct_c; 
input [4:0] TX._3.f xt_b, xt_c; 


wixe nxegd3t_af nxegd3t_bf nxegd3t_c; 

wixe nalu3xc_a, nalu3xc_bf nalu3xc_c; 

wixe niiieiiitoxeg_a, nnieiatoxeg_b, nmenitoxeg_c; 

wixe nxegwxite_a, nxegwxite_b, nxegwxite_c; 

wixe nj]aemxead_af nnie]iLxead_b, niEemxead_c; 

wixe niaerawxite_a, nmerawxite_b, nmeniwxite_c; 

wixe nbeq_a, nbeq_b, ribeq_c; 

wixe nbne_a, nbne_b, nbne_c; 

wixe nblz_af nblz_b, nblz_c; 

wixe nbgz_a^ nbgz_bf nbgz_c; 

wixe nblez_af nblez_bf nblez_c; 

wixe nbgez_af nbgez_bf nbgez_c; 

wixe njiinip_a, njuiiip_biP njiunip_c; 

wixe [3:0] naluop_a, naluop_bf naluop_c; 


output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 


xegd3t_a, xegd3t_bf xegd3t_c; 
alu3ic_af alu3xc_bf alu3xc_c; 
nieiiitoxeg_a, nieiatoreg_b ^ nienitoxeg_c; 
xegwxite_a, xegwxite_bf xegwxite_c; 
iiieiiixead_a, niemxead_bf nienixead_c; 
iiieiiiwxite_a, nieiawxite_b ^ nieniwxite_c; 
beq_af beq_b, beq_c; 
bne_a ^ bne_b, bne_c; 
blz_af blz_b, blz_c; 
b gz_a f b gz_b, b gz_c; 
blez_a, blez_bf blez_c; 
bgez_a, bgez_bf bgez_c; 
j unip_a f j uiEp_b ^ j unip_c; 

[3:0] aluop_a, aluop_b ^ aluop_c; 


contxol cnt_a (.opcode(opcode_a)^ . funct(funct_a)^ .xt(xt_a)f 

. alu3xc Calu3xc_a) f .laenitoxeg Cnieratoxeg_a) ^ . xegwxite (xegwxite 

.memwiite (iiie]3iwxite_a) f .beq(beq_a)f .bne Cbne_a) ^ .blz(blz_a)^ 
.blez (blez_a) f .bgez (bgez_a) ^ . jump ( junip_a) ^ . aluop (aluop_a) ) 


contxol cnt_b (. opcode(opcode_b)^ . funct ( funct_b ) ^ .xt(xt_b)^ 
. alu3xc(alu3xc_b)f .memtoxeg(meratoxeg_b)^ . xegwxite(xegwxite 
.memwxite(memwxite_b)f .beq(beq_b)f .bne(bne_b)^ .blz(blz_b)f 
.blez(blez_b)^ .bgez(bgez_b), .jump (jump_b)^ .aluop(aluop_b) ) 

contxol cnt_c (. opcode(opcode_c)^ . funct ( funct_c ) ^ .xt(xt_c)f 
. alu3xc(alu3xc_c)f .memtoxeg(memtoxeg_c)^ . xegwxite (xegwxite 
.memwxite(memwxite_c)f .beq(beq_c)f .bne(bne_c)^ .blz(blz_c), 
.blez(blez_c)f .bgez(bgez_c), . jump ( jump_c)^ . aluop(aluop_c) ) 


endm.odule 


memtoxeg_a, 
f blez_af bgez_a, 
memtoxeg_b, 
f blez_bf bgez_b, 
memtoxeg_Cf 
J blez Cf bgez c^ 


.xegd3t(xegd3t_a), 
a.), .memxead (memxead_a) 
.bgz (bgz_a] ^ 


.xegd3t(xegd3t_b ), 
b)f .memxead(memxead_b) 
.bgz(bgz_b)^ 


.xegd3t(xegd3t_c)^ 
c) r .memxead(memxead_c) 
.bgz (bgz_c) ^ 
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sigh_extehd_ 16 to 32 btt 


half_worci_a(15:0)> - 


I half_word(15;0][ull_word(31:0) 


full_word_a(31:Q)> 


sign_extencl_16to32bit 


half_word_b(15:0)i> I ; halfjAford(15;0]fulhword(3.1 :0) ■ | n^ll_word_b(31:0)> 


sign_extend_16to32bit 


half_word_c(15:0» I halLword(i5:0][uil_word(31 :£>) | n^ll_word_c(31:0)> 


Control Module 


[r.odule control [opcode, funct, rt, regdst, alusrc, memtoreg, regwrite, memread, memwrite, 
beq, bne, biz, bgz, blez, bgez, jump, aluop); 

input [S:0] opcode; 
input [5:0] funct; 
input [4:0] rt; 

output reg regdst, alusrc, memtoreg, regwrite, memread, memwrite; 
output reg beq, bne, biz, bgz, blez, bgez, jump; 
output reg [3:0] aluop; 

initial 

begin 

regdst <= 0; 
alusrc <= 0; 
memtoreg <= 0; 
regwrite <= 0; 
memread <= 0; 
memwrite <= 0; 
beq <= 0; 
bne <= 0; 
biz <= 0; 
bgz <= 0; 
blez <= 0; 
bgez <= 0; 
jump <= 0; 
aluop <= 0; 

end 

(continued on next page) 


107 























































































I always @ [opcode or funct or rt) 
begin 

if [opcode = 0) 
begin 

// ADD, ADDD [Add, Add Unsigned) 

// R-Format 

if [funct = 32 I funct = 33) 
begin 

regdst = I'bl; 
alusrc = I'bO; 
memtoreg = I'bO; 
regwrite = I'bl; 
memread = I'bO; 
meiiwrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 0; 

end 

// SUB, SDBU [Subtract, Subtract Unsigned) 
else if [funct = 34 | funct = 35) 
begin 

regdst = I'bl; 
alusrc = I'bO; 
memtoreg = I'bO; 
regwrite = I'bl; 
memread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 1; 

end 

// AND [Logical) 
else if [funct = 36) 
begin 

regdst = I'bl; 
alusrc = I'bO; 
memtoreg = I'bO; 
regwrite = I'bl; 
memread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
blz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 2; 

end 

(continued on next page) 
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// OR (Logical) 
else if (funct = 37) 
begin 

regdst = I'bl; 
aliisrc = I'bO; 
memtoreg = I'bO; 
regwrite = I'bl; 
memread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 3; 

end 

// XOR (Logical) 
else if (funct = 33) 
begin 

regdst = I'bl; 
alusrc = I'bO; 
memtoreg = I'bO; 
regwrite = I'bl; 
memread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 4; 

end 

// NOR (Logical) 
else if (funct = 39) 
begin 

regdst = I'bl; 
alusrc = I'bO; 
memtoreg = I'bO; 
regwrite = I'bl; 
memread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 5; 

end 

(continued on next page) 
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// SLT [Set on Less than) 
else if (funct = 42) 
tegin 

regdst = I'bl; 
alusrc = I'bO; 
memtoreg = I'bO; 
regwrite = I'bl; 
memxead = I'bO; 
meniwrite = I'bO; 
jump = I'bO; 
beg = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 10; 

end 

// 3LLV [Shift Left Logical Variable) 
else if (funct == 4) 
begin 

regdst = I'bl; 
alusrc = I'bO; 
memtoreg = I'bO; 
regwrite = I'bl; 
memread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beg = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = €; 

end 

// SLL (Shift Left Logical) 
else if (funct = 0) 
begin 

regdst = I'bl; 
alusrc = I'bO; 
memtoreg = I'bO; 
regwrite = I'bl; 
memread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beg = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 7; 

end 

(continued on next page) 
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// SRLV (Shift Right Logical Variable) 
else if (funct = 6) 
begin 

regdst = I'bl; 
alusrc = I'bO; 
raemtoreg = I'bO; 
regwrite = I'bl; 
memread = I'bO; 
meniwrite = I'bO; 
juEtip = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 3; 

end 

// 3RL (Shift Right Logical) 
else if (fimct = 2) 
begin 

regdst = I'bl; 
alusrc = I'bO; 
memtoreg = I'bO; 
regwrite = I'bl; 
meiaread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 9; 

end 

end 

// ADDIf ADDIU (Add Immediate^ Unsigned) 
else if (opcode ^ 3 | opcode ^ 9) 
begin 

regdst = I'bO; 
alusrc = I'bl; 
memtoreg = I'bO; 
regwrite = I'bl; 
memread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 0; 

end 

(continued on next page) 
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// AtJDI [Logical And Iminediate) 
else if (opcode = 12} 
begin 

regdst = I'bO; 
alusrc = I'bl; 
meiatoreg = I'bO; 
regwrite = I'bl; 
memxead = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 2; 

end 

// ORI [Logical Or Immediate) 
else if [opcode = 13) 
begin 

regdst = I'bO; 
alusrc = I'bl; 
memtoreg = I'bO; 
regwrite = I'bl; 
memread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 3; 

end 

// SLTI [Set on Less than Immediate) 
else if [opcode = 10) 
begin 

regdst = I'bO; 
alusrc = I'bl; 
memtoreg = I'bO; 
regwrite = I'bl; 
memread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 10; 

end 

(continued on next page) 
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// BEQ (Branch on Equal) 
else if (opcode = 4) 
begin 

regdst = I'bO; 
alusrc = I'bO; 
raemtoreg = I'bO; 
regwrite = I'bO; 
raemread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beq = I'bl; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 0; 

end 

// BHE (Branch on Not Equal) 
else if (opcode = 5) 
begin 

regdst = I'bO; 
alusrc = I'bO; 
memtoreg = I'bO; 
regwrite = I'bO; 
raemread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beq = l'bO;| 
bne = I'bl; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 0; 

end 

// BGEZ (Branch on Greater than or Equal to Zero) 
else if (opcode ^ 1 & rt ^ 1) 
begin 

regdst = I'bO; 
alusrc = I'bO; 
memtoreg = I'bO; 
regwrite = I'bO; 
raemread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bl; 
aluop = 0; 

end 

(continued on next page) 
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// BLEZ (Branch on Less than or Equal to Zero) 
else if (opcode = 6 £ rt = 0) 
begin 

regdst = I'bO; 
alusrc = I'bO; 
raemtoreg = I'bO; 
regwrite = I'bO; 
raemixead = I'bO; 
merawrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bl; 
bgez = I'bO; 
aluop = 0; 

end 

// BGTZ (Branch on Greater than Zero) 
else if (opcode =7 & rt = 0) 
begin 

regdst = I'bO; 
alusrc = I'bO; 
memtoreg = I'bO; 
regwrite = I'bO; 
memread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bl; 
blez = I'bO; 
bgez = I'bO; 
aluop = 0; 

end 

if BLTZ (Branch on Less than Zero) 
else if (opcode =1 & rt = 0} 
begin 

regdst = I'bO; 
alusrc = I'bO; 
memtoreg = I'bO; 
regwrite = I'bO; 
memread = I'bO; 
memwrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bl; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 0; 

end 

(continued on next page) 
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// J {Jump) 
else if (opcode ^ 2) 
tegin 

regdst = I'bO; 
alusrc = I'bO; 
memtoreg = I'bO; 
regwrite = I'bO; 
nieraread = I'bO; 
memwrite = I'bO; 
jump = I'bl; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 0; 

end 

// LW (Load Word) 
else if (opcode = 35) 
begin 

regdst = I'bO; 
alusrc = I'bl; 
memtoreg = I'bl; 
regwrite = I'bl; 
memread = I'bl; 
memwrite = I'bO; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 0; 

end 

// SW (Store Word) 
else if (opcode = 43) 
begin 

regdst = I'bO; 
alusrc = I'bl; 
memtoreg = I'bO; 
regwrite = I'bO; 
memread = I'bO; 
memwrite = I'bl; 
jump = I'bO; 
beq = I'bO; 
bne = I'bO; 
biz = I'bO; 
bgz = I'bO; 
blez = I'bO; 
bgez = I'bO; 
aluop = 0; 

end 

end 

endmodule 
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2. Register File 


module reg_addx_decoder_titiv (wr_addj_iii^ wr_addr_out ^ ; 
input [4:0] wr_addr_in; // Input write address 
output reg [31:0] wr_addr_out; // Output write address 

// Initialize values 
initial 

wr_addr_out = 0; 

// For each transition of the input write address^ decode the S-bit write address 
// into 32 individual write enable signals. Each of the 32 bits is routed to 
// one register in the register file as a write enable signal 
always @[wr_addr_in) 
begin 

if [wr_addr_in == 0) 

wr_addr_out = 32■b00000000_00000000_00000000_00000001; 
else if (wr_addr_in = 1) 

wr_addr_out = 32■b00000000_00000000_00000000_00000010; 
else if £wr_addr_in = 2) 

wr_addr_out = 32■b00000000_00000000_00000000_00000100; 
else if (wr_addr_in = 3) 

wr_addr_out = 32■b00000000_00000000_00000000_00001000; 
else if (wr_addr_in = 4) 

wr_addr_out = 32■b00000000_00000000_00000000_00010000; 
else if (wr_addr_in = 5) 

wr_addr_out = 32■b00000000_00000000_00000000_00100000; 
else if (wr_addr_in = 6] 

wr_addr_out = 32■b00000000_00000000_00000000_01000000; 
else if £wr_addr_in ^ 7) 

wr_addr_out = 32■b00000000_00000000_00000000_10000000; 
else if (wr_addr_in = 3) 

wr_addr_out = 32■b00000000_00000000_00000001_00000000; 
else if (wr_addr_in = 9) 

wr_addr_out = 32■b00000000_00000000_00000010_00000000; 
else if (wr_addr_in = 10} 

wr_addr_out = 32■b00000000_00000000_00000100_00000000; 
else if (wr_addr_in = 11} 

wr_addr_out = 32■b00000000_00000000_00001000_00000000; 
else if (wr_addr_in = 12} 

wr_addr_out = 32■b00000000_00000000_00010000_00000000; 
else if (wr_addr_in = 13} 

wr_addr_out = 32■b00000000_00000000_00100000_00000000; 
else if (wr_addr_in = 14} 

wr_addr_out = 32■b00000000_00000000_01000000_00000000; 
else if (wr_addr_in ^ 15} 

wr_addr_out = 32■b00000000_00000000_10000000_00000000; 
else if (wr_addr_in = 16} 

wr_addr_out = 32■b00000000_00000001_00000000_00000000; 
else if (wr_addr_in = 17) 

wr_addr_out = 32■b00000000_00000010_00000000_00000000; 
else if (wr_addr_in = 13) 

wr_addr_out = 32■b00000000_00000100_00000000_00000000; 
else if (wr_addr_in == 19) 

wr_addr_out = 32■b00000000_00001000_00000000_00000000; 
else if (wr_addx_in = 20) 

wr_addr_out = 32■b00000000_00010000_00000000_00000000; 
else if (wr_addr_in = 21) 

wr_addr_out = 32■b00000000_00100000_00000000_00000000; 
else if (wr_addr_in = 22) 

wr_addr_out = 32■b00000000_01000000_00000000_00000000; 
else if (wr_addr_in = 23) 

wx_addr_out = 32■b00000000_10000000_00000000_00000000; 

(continued on next page) 
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else if (wr_addr_in ^ 2^) 

wr_addr_out = 32' t.00000001_00000000_00000000_00000000; 
else if (wr_addr_in = 25) 

wr_addr_out = 32'b00000010_00000000_00000000_00000000; 
else if (wr_addT_in = 26) 

wr_addr_out = 32■b00000100_00000000_00000000_00000000; 
else if (wr_addx_in ^ 27) 

wr_addr_out = 32'b00001000_00000000_00000000_00000000; 
else if (wr_addr_in = 23) 

wr_addr_out = 32'b00010000_00000000_00000000_00000000; 
else if (wr_addr_iii = 29) 

wr_addr_out = 32'b00100000_00000000_00000000_00000000; 
else if (wr_addr_in == 30) 

wr_addr_out = 32■b01000000_00000000_00000000_00000000; 
else if (wr_addr_in = 31) 

wr_addr_out = 32■bl0000000_00000000_00000000_00000000; 

end 


enduLodule 


module reg_array_bt!iv (wr_reg^ wr_enf wr_dataf clk^ data_out0r data_outlr data_out2^ 
data_out3^ data_out4^ data_out5^ data_out6^ data_out7^ data_out3^ data_out9r 
da t a_out 10 ^ da t a_out 11,, da t a_out 12 ^ da t a_ou113 ^ da t a_ou114 ^ da t a_ou115 ^ 

data_outl6^ data_outl7^ data_outl3r data_outl9r data_out20r data_out21^ 

data_out22^ data_out23^ data_out24f data_out25r data_out26r data_out27f 

data_out23^ data_out29^ data_out30r data_out31); 


input [31:0] wr_data^ wr_reg; // Write data and write enable signals 

input clk:^ wr_en; // wr_en is the forwarded regwrite flag from the control module 

// Output wires for 32 registers 


output 

wire 

[31:0] 

data 

outOf 

data 

OUtlf 

data out2^ data out3^ data 

. out4; 

output 

wire 

[31:0] 

data 

outSf 

data 

out6^ 

data out7^ data out3^ data 

. out9; 

output 

wire 

[31:0] 

data 

outlO, 

r data 

outll 

r data outl2f 

data outl3^ 

data outl4 

output 

wire 

[31:0] 

data 

outlS, 

r data 

outl6 

r data outl7f 

data outl3^ 

data outl9 

output 

wire 

[31:0] 

data 

out20, 

r data 

out21 

r data out22f 

data out23f 

data out24 

output 

wire 

[31:0] 

data 

out25, 

r data 

out2 6 

r data out27^ 

data out23. 

data out29 

output 

wire 

[31:0] 

data 

out30, 

r data 

out31 

; 




// 32 behavioral registers^ each receiving 
// in addition to its decoded address bit. 


the data^ write enable^ and clock: signals 


reg_bhv regO 
reg_bhv regl 
reg_bhv reg2 
reg_bhv reg3 
reg bhv reg4 


[ . D[wr_data) , 
( . D(wr_data) , 
( . D(wr_data) , 
[ . D[wr_data) , 
( . D(wr data) , 


reg_bhv regS ( . D(wr_data)^ 
reg_bhv reg6 [ . D [wr_data)^ 
reg_bhv reg7 [ . D(wr_data)^ 
reg_bhv regS ( . D (wr_data)^ 
reg_bhv reg9 [ . D[wr_data)^ 
reg_bhv reglO ( . D (wr_data)^ 
reg_bhv regll ( . D (wr_data)^ 
reg_bhv regl2 ( . D (wr_data)^ 
reg_bhv regl3 ( . D (wr_data)^ 
reg_bhv regl4 ( . D (wr_data)^ 
reg_bhv regl5 ( . D (wr_data)^ 
reg_bhv regl6 | . D [wr_data)^ 
reg_bhv regl7 ( . D[wr_data)^ 
reg_bhv regl3 E . DCwr_data)^ 
reg_bhv regl9 E ■ D [wr_data)^ 
reg_bhv reg20 E ■ Cwr_data) ^ 
reg_bhv reg21 E ■ DEwr_data)^ 
reg_bhv reg22 E ■ EJ (wr_data) ^ 
reg_bhv reg23 E ■ Cs Ewr_data) ^ 
reg_bhv reg24 E ■ (wr_data) ^ 
reg_bhv reg25 E ■ (wr_data) ^ 
reg_bhv reg2€ E ■ D Ewr_data)^ 
reg_bhv reg27 E ■ C* Cwr_data) ^ 
reg_bhv reg23 E ■ D Ewr_data)^ 
reg_bhv reg29 E ■ Ewr_data) ^ 
reg_bhv reg30 E ■ D Ewr_data)^ 
reg_bhv reg31 E ■ DEwr_data)^ 


. wr_enEwr_en)r . 
. wr_enEwr_en)f . 
. wr_enEwr_en)f . 
. wr_enEwr_en)f . 
. wr_enEwr_en)r . 
. wr_enEwr_en)f . 
. wr_enEwr_en)f . 
. wr_enEwr_en)r . 
. wr_enEwr_en)f . 
. wr_enEwr_en)f . 
. wr_en Ewr_en)^ 

. wr_en Ewr_en)^ 

. wr_en(wr_en)^ 

. wr_en Ewr_en)^ 

. wr_en £wr_en)^ 

. wr_en(wr_en)^ 

. wr_en Ewr_en)^ 

. wr_enEwr_en)^ 

. wr_en Ewr_en)^ 

. wr_enEwr_en)^ 

. wr_en Ewr_en)^ 

. wr_en Ewr_en)^ 

. wr_en Ewr_en)^ 

. wr_en Ewr_en)^ 

. wr_en Ewr_en)^ 

. wr_en Ewr_en)^ 

. wr_en Ewr_en)^ 

. wr_en Ewr_en)^ 

. wr_en £wr_en)^ 

. wr_en Ewr_en)^ 

. wr_enEwr_en)^ 

. wr_en £wr_en)^ 


wr_reg £wr_reg[0])^ 
wr_reg £wr_reg[1])r 
wr_reg £wr_reg[2] ) ^ 
wr_reg £wr_reg[3])^ 
wr_Teg £wr_reg[4])^ 
wr_reg £wr_reg[5])^ 
wr_reg £wr_reg[6])^ 
wr_reg £wr_reg[7])^ 
wr_reg £wr_reg[3] ) ^ 
wr_reg £wr_reg[9])^ 

. wr_regEwr_reg[10]) 

. wr_regEwr_reg[ll] ) 

. wr_reg Ewr_reg[12]) 

. wr_regEwr_reg[13]) 

. wr_regEwr_reg[14] ) 

. wr_regEwr_reg[15]) 

. wr_regEwr_reg[16]) 
. wr_regEwr_reg[17]) 
. wr_regEwr_reg[13]) 
. wr_regEwr_reg[19] ) 
. wr_reg(wr_reg[20]) 
. wr_Teg(wr_reg[21]) 
. wr_reg(wr_reg[22]) 
. wr_reg(wr_reg[23]) 
. wr_reg£wr_reg[24]) 
. wr_xeg(wr_reg[25]) 
. wr_reg £wr_reg[2 6]) 
. wr_reg(wr_reg[27]) 
. wr_xegEwr_reg[23] ) 
. wr_xegEwr_xeg[29]) 
. wr_reg(wr_reg[30]) 
. wr_regEwr_xeg[31] ) 


clkiEclk:) , 
clkiEclk:) , 
cllcEclk:) , 
clkiEclk:) , 
clkiEclk:) , 
clkEclk:) , 
ClkiEclk:) , 
clkEclk:) , 
clkEclk:) , 
ClkiEclk:) , 
.ClkiEclk:) , 
.ClkiEclk:) , 
.ClkiEclk:) , 
.ClkiEclk:) , 
.ClkiEclk:) , 
.ClkiEclk:) , 
.ClkiEclk:) , 
.ClkiEclk:) , 
.ClkiEclk:) , 
.ClkiEclk:) , 
.ClkiEclk:) , 
.clkEclk:) , 
.clkiEclk:) , 
.cllcEclk:), 
.clkEclk:) , 
.cllcEclk:) , 
.cllcEcllc) , 
.cllcEcllc) , 
.cllcEcllc) , 
.cllcEcllc) , 
.cllcEclk:) , 
.cllcEclk:) , 


Edata_outO)) 
Edata_outl)) 
Edata_out2)) 
Edata_out3)) 
Edata_out4)) 
Edata_out5)) 
Edata_out6)) 
Edata_out7)) 
Edata_out3)) 
Edata_out9)) 

.Q Edata_outlO)); 
.QEdata_outll)); 
.Q E data_outl2)); 
.Q Edata_outl3)); 
.QEdata_outl4)); 
.Q E'data_outl5) ) ; 
.Q Ed^ta_outl6)) 
.Q Edata_outl7)) 
.Q Edata_outl3)) 
.Q Edata_outl9)) 
.Q Edata_out20)) 
.Q Edata_out21)) 
.Q Edata_out2 2)) 
.Q Edata_out23)) 
.Q Edata_out24)) 
.Q Edata_out25}) 
.Q Edata_out26)) 
.Q Edata_out27)) 
.Q Edata_out23)) 
.Q Edata_out29)) 
.Q Edata_out30)) 
.Q Edata_out31)) 


endnoodule 
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module reg_array_niultiplexer (read_addrr read_dat.a^ data_inO^ data_inl^ 

da t a_in2 ^ da t a_in3 ^ da t a_in4 ^ da t a_in5 ^ da t a_in6, da t a_in7 ^ da t a_in3 ^ da t a_in9 ^ 
data_inlO^ data_inLllr data_inl2f data_inl3^ data_ir!Ll4^ data_inl5f data_inl6, 
data_inl7f data_inl3r data_inl9f data_in20f data_in21^ data_in22f data_in23, 

data_in24^ data_in25r data_in2'6f data_in27^ data_in23^ data_in29r data_in30^ 

data_in31); 

input elk; 

input [4:01 xead_addr; // Register address to read 

input [31:0] data_in0r data_inlf data_in2^ data_in3f data_in4, data_in5f 
da t a_in6 ^ da t a_in7 ^ da t a_in3 ^ da t a_in9 ^ da t a_inl0 ^ da t a_inl1^ da t a_inl2 ^ 
data_inl3^ data_inl4r data_inlS^ data_inl€, data_inl7^ data_inl3f data_inl9, 

data_in2 0^ data_in21r data_in2 2f data_in2 3,r data_in2 4^ data_in2 5r data_in2€, 

data_in27^ data_in23r data_in29f data_in30^ data_in31; 
output reg [31:0] read_data; 


initial 

read_data = 0; 

// The read multiplexer receives data from each of the 32 registers in the register 
// file. However(T only one register’s data is sent from the ID stage as output on 
// the lower-half of the clock cycle, 
always @ [negedge elk) 
begin 

ifCread_addr = 0) 

read_data = data_inO; 
else if (read_addr = 1) 
read_data = data_inl; 
else if(read_addr = 2) 
read_data = data_in2; 
else if (read_addr = 3) 
read_data = data_in3; 
else if(read_addr = 4) 
read_data = data_in4; 
else if (read_addr = 5) 
read_data = data_in5; 
else if(read_addr = 6) 
read_data = data_in6; 
else if{read_addr = 7) 
read_data = data_in7; 
else if [read_addr = 3) 
read_data = data_in3; 
else if [read_addr = 9) 
read_data = data_in9; 
else if [read_addr = 10) 
read_data = data_inl0; 
else if [read_addr = 11) 
read_data = data_inll; 
else if i;read_addr = 12) 
read_data = data_inl2; 
else if [read_addr = 13) 
read_data = data_inl3; 
else if [read_addr = 14) 
read_data = data_inl4; 
else if {read_addr = 15) 
read_data = data_inl5; 
else if [read_addr = 16) 
read_data = data_inl6; 
else if [read_addr = 17) 
read_data = data_inl7; 
else if [read_addr = 13) 
read_data = data_inl3; 
else if [read_addr = 19) 
read_data = data_inl9; 
else if (read_addr = 20) 
read_data = data_in20; 
else if [read_addr = 21) 
read_data = data_in21; 
else if(read_addr = 22) 
read_data = data_in22; 
else if(read_addr = 23) 
read_data = data_in23; 

(continued on next page) 
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else if(read_addr = 24) 
read_data = data_iii2 4; 
else if (read_addr = 25) 
read_data = data_in25; 
else if(read_addr = 26) 
read_data = data_iii2 6; 
else if(read_addr == 27) 
read_data = data_in27; 
else if(read_addr = 23) 
read_data = data_iii2 3; 
else if(read_addr == 29) 
read_data = data_in29; 
else if(read_addr = 30) 
read_data = data_iii30; 
else 

read_data = data_in31; 

end 

endn:.Qdule 


3. Sign Extension Module 

module 3igrn_extend_16to32bit (tialf_word^ full_word) ; 

input [15:0] half_word; 
output reg [31:0] full_word; 


initial 

full_word = 0; 

// 16 zero bits are concatenated with the lower 16 bits of the instruction 
always 0 (half_word) 

full_word = {16'b00000000_00000000, half_word> ; 


endmodule 


F. ID/EX REGISTER 


module ID_EX_reg_tmr2(clkif regdst_a^ regwrite_ar alusrc_af memread_a^ memwrite_af 
memtoreg_a^ beq_ar bne_a^ hlz_a.r bgz_a^ blez_a^ bgez_af jump_af irqp_a^ aluop_a 
regl_a^ reg2_a^ pc4_addr_af sign_ext_a^ jump_addr_af wb_reg_addrl_ar 
wb_reg_addr2_a^ 3hamt_a^ fregd3t_a^ fregwrite_a^ falu3rc_ar fiEemread_af 
fmemwrite_a^ fmemtoreg_a^ fbeq_a, fbne_ar fblz_a^ fbgz_a, fblez_a^ fbgez_a^ 
fjump_ar firqp_af faluop_ar fregl_ar freg2_ar fpc4_addr_a, f3ign_ext_a, 
fjump_addr_ar fwb_reg_addrl_a^ fwb_reg_addr2_a^ f3hamt_a^ 
regd3t_bf regwrite_b^ alu3rc_br memread_b^ iiemwrite_br 

menitoreg_b^ beq_bf bne_b^ blz_br bgz_bf blez_bf bgez_br jump_br irqp_b^ aluop_b 
regl_b^ reg2_b^ pc4_addr_br 3ign_ext_b^ jump_addr_b, wb_reg_addrl_br 
wb_reg_addr2_b,r 3hamt_b^ fregd3t_b, fregwrite_b^ falu3rc_br fmemread_b^ 
fraemwrite_b^ fmemtoreg_b^ fbeq_b, fbne_bf fblz_b^ fbgz_b^ fblez_b^ fbgez_b^ 
fjump_br firqp_bf faluop_bf fregl_br freg2_bf fpc4_addr_b^ f3ign_ext_b^ 
fjump_addr_bf fwb_reg_addrl_b^ fwb_reg_addr2_b^ f3hamt_b^ 
regd3t_Cr regwrite_c^ alu3rc_Cr memxead_c^ memwrite_Cr 

memtoreg_c^ beq_Cr bne_c^ blz_Cf bgz_c^ blez_c^ bgez_Cf jump_Cr irqp_c^ aluop_c 
regl_c^ reg2_c^ pc4_addr_Cf 3ign_ext_c^ jump_addr_c^ wb_reg_addrl_Cf 
wb_reg_addr2_Cf 3hamt_Cf fregd3t_c^ fregwrite_c^ falu3rc_Cr fmemread_c^ 
fmemwrite_c^ fmemtoreg_c^ fbeq_Cf fbne_Cr fblz_Cf fbgz_Cf fblez_c^ fbgez_c^ 
fjump_Cf firqp_Cr faluop_Cr fregl_Cf freg2_Cf fpc4_addx_c^ f3ign_ext_c^ 
fjump_addx_Cr fwb_reg_addrl_c^ fwb_xeg_addx2_c^ f3hamt_c); 

(continued on next page) 
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// All of the control flags decoded in the ID stage are forwarded to the EX stage 
input elk; 

input regd3t_a^ regd3t_b, regd3t_c; 

input regwrite_ar regwrite_b^ regwrite_c; 

input alu3rc_a^ alu3rc_b^ alu3rc_c; 

input meiiread_a,r menLread_b ^ meEiiread_c; 

input nier£Lwrite_ar raemwrite_b^ nienLwrite_c; 

input meiEtoreg_af r[ienitoreg_b^ nienitoxeg_c; 

input beq_air beq_b, beq_c; 

input bne_af bne_b^ bne_c; 

input blz_a^ blz_b^ blz_c; 

input bgz_air bgz_b, bgz_c; 

input blez_af blez_b^ blez_c; 

input bgez_af bgez_b^ bgez_c; 

input jump_a, junip_b|r jump_c; 

input irqp_af irqp_b^ irqp_c; 

input [3:0] aluop_af aluop_bf aluop_c; 

input [4:0] wb_reg_addrl_ar wb_reg_addrl_b^ wb_reg_addrl_c; 
input [4:0] wb_reg_addr2_ar wb_reg_addr2_b^ wb_reg_addr2_c; 
input [4 : 0 ] shamt_a ^ 3hajj[it_b, 3hajit_c; 
input [31:0] regl_a^ regl_b, regl_c; 

input [31:0] reg2_af reg2_b^ reg2_c; 

input [31:0] j ui[Lp_addr_a ^ j ump_addr_b ^ j ui[Lp_addr_c; 

input [31:0] pc4_addr_a ^ pc4_addr_b ^ pc4_addr_c; 
input [31:0] 3ign_ext_ar 3ign_ext_bf 3ign_ext_c; 

// Wires connecting pipeline registers to voters 

wire nregd3t_a^ nregd3t_br nregd3t_c; 

wire nregwrite_a^ nregwrite_b^ nregwrite_c; 

wire nalu3rc_a^ nalu3rc_br nalu3rc_c; 

wire nmemread_a, nmein.read_b ^ nmemread_c; 

wire nnierawrite_a^ niiieiiiwrite_b^ nBiemwrite_c; 

wire nniemtoreg_a^ nmemtoreg_b^ nHieiitoreg_c; 

wire nbeq_af nbeq_bf nbeq_c; 

wire nbne_ar nbne_bf nbne_c; 

wire nblz_af nblz_br nblz_c; 

wire nbgz_a^ nbgz_br nbgz_c; 

wire nblez_a^ nblez_b^ nblez_c; 

wire nbgez_a^ nbgez_b^ nbgez_c; 

wire njunip_a^ njuiiip_b^ njump_c; 

wire nirqp_af nirqp_b^ nirqp_c; 

wire [3:0] naluop_ar naluop_b^ naluop_c; 

wire [4:0] nwb_reg_addrl_a^ nwb_reg_addrl_b ^ nwb_reg_addrl_c; 
wire [4:0] nwb_r eg_addr 2_a ^ nwb_reg_addr 2_b ^ nwb_re g_addr2_c; 
wire [4:0] n3hajit_ar n3haiEt_b^ n3hamt_c; 
wire [31:0] nregl_ar nregl_b^ nregl_c; 
wire [31:0] nreg2_af nreg2_b^ nreg2_c; 

wire [31:0] njtraip_addr_af njuinp_addr_b^ njump_addr_c; 
wire [31:0] npc4_addr_a^ npc4_addr_b,r npc4_addr_c; 
wire [31:0] n3ign_ext_a^ n3ign_ext_b, n3ign_ext_c; 

(continued on next page) 
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// Output of the voter circuits 
output fregd3t_af fregd3t_bf fregd3t_c; 

fregwrite_ar fregwrite_b^ fregwrite_c; 
falu3rc_a^ falu3rc_br falu3rc_c; 
fiiieiiLTead_ar fiEemread_bf fmenLread_c; 
ftienawr i t e_a ^ flaeiuwr i t e_b ^ fmeiiiwr i t e_c; 
fraemtoreg a^ fmemtoreg b^ fmemtoreg c; 


output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 

output 


fbeq_a, fbeq_b^ fbeq_c; 
fbne_a, fbne_b ^ fbne_c; 
fblz_a^ fblz_b, fblz_c; 
fb gz_a ^ fb gz_b ^ fb gz_c; 
fblez_a|, fblez_b, fblez_c; 
f b ge z_a (r f b ge z_b ^ f b ge z_c; 
fjump_a^ fji3mp_b^ fjuiEp_c; 
firqp_a^ firqp_bf firqp_c; 

[3:0] faluop_a^ faluop_b^ faluop_c; 

[4:0] fwb_reg_addrl_a^ fwb_reg_addrl_b, fwb_reg_addrl_c; 
[4:0] fwb_reg_addr2_a, fwb_reg_addr2_b^ fwb_reg_addr2_c; 
[4:0] f3haiEt_a, f3hai[Lt_b^ f3hajiit_c; 

[31:0] fregl_a^ fregl_b^ fregl_c; 

[31:0] freg2_a^ freg2_b^ freg2_c; 

[31:0] f j unip_addr_a ^ f j unip_a ddr _b ^ f j ump_a ddr _c; 

[31:0] fpc4_addr_a^ fpc4_addr_b,r fpc4_addr_c; 

[31:0] f 3ign_ext_af f 3igr!i_ext_b, f 3igTi_ext_c; 


// Voter declaration 

tiiir_voter_trip voterO ( . a (nregd3t_a} ^ .b (nregd3t_b) ^ . c (nregd3t_c) ^ 

.data_out_a(fregdst_a)^ .data_out_b(fregd3t_b)^ .data_out_c(fregdst_c) ) ; 
tiEr_voter_trip voterl ( . a(nregwrite_a)^ .b(nregwrite_b)^ . c(nregwrite_c)^ 

.data_out_a(fregwrite_a)^ . data_out_b Cfregwrite_b)^ . data_out_c(fregwrite_c) ) ; 

tmr_voter_trip voter2 ( . a[nalu3rc_aK .btnalu3rc_b) ^ . c(nalu3rc_c)^ 

. data_out_a(falu3rc_a}^ .data_out_b(falu3rc_b)^ . data_out_c(falu3rc_c) ) ; 

tiEr_voter_trip voter3 ( . a (nmeiiread_a) ^ .b (nmeHiread_b) ^ . c (nmeiiiread_c) ^ 

.data_out_a (fniemread_a) ^ . data_out_b (fmemread_b) ,r .data_out_c [fmeniread_c) ) ; 

tiEr_voter_trip voter4 ( . a CnBiemwrite_a) ^ .b (r!imemwrite_b) ^ . c (nmeHiwrite_c) , 

.data_out_a (fmemwrite_a) ^ . data_out_b [fmemwrite_b) ^ . data_out_c (fiEemwrite_c)' ) ; 

tiir_voter_trip voters ( . a [nmeiitoreg_a) ^ .b £nmemtoreg_b) ^ . c £nmemtoreg_c) ^ 

. da t a_out _a ( f uiemt o r e g_a ) ^ . da t a_out_b [ f mem t ore g_b ) ^ . da t a_out_c ( f memt o r e g_c H ; 

tmr_voter_trip voterC ( . a (iibeq_a) ^ .b |:nbeq_b) ^ .c(nbeq_c) f 
.data_out_a(fbeq_a) ^ . data_out_b[fbeq_b) ^ . data_out_c Cfbeq_c) ) ; 

tnLr_voter_trip voter? ( . a (iibne_a) ^ .b Cnbne_b) ^ .c(nbne_c)^ 

.data_out_a (fbne_a) ^ . data_out_b [fbne_b) ,r . data_out_c [fbne_c) ) ; 

tmr_voter_trip voters ( . a (riblz_a) ^ .b [nblz_b) ^ .c(nLblz_c) f 
.data_out_a(fblz_a) ^ . data_out_b Cfblz_b) ^ . data_out_c[fblz_c) ) ; 

tmr_voter_trip voter 9 (.a[nbgz_a)^ .bCnbgz_b) ^ .c(nbgz_c)^ 

. da t a_out _a ( f b gz_a ) ^ . da t a_out_b £ f b gz_b ) , . da t a_out_c £ fb gz_c )) ; 
tmr_voter_trip voterlO £ . a £iiblez_a) ^ .b£nblez_b)^ .c£nblez_c)^ 

.data_out_a £fblez_a)^ .data_out_b £fblez_b)^ . data_out_c £fblez_c) ) ; 

tmr_voter_trip voterll £ . a£nbgez_a) ^ .b£nbgez_b)^ .c£nbgez_c)^ 

.data_out_a £fbgez_a)^ .data_out_b £fbgez_b)^ . data_out_c £fbgez_c) ) ; 

tmr_voter_trip voterl2 £ . a £njump_a) ^ .b£njump_b)^ . c £njiimp_c) ^ 

.data_out_a £f jump_a} , .data_out_b £f jump_b) ^ . data_out_c £f jump_c) ) ; 
tmr_voter_trip voterl3 £ . a£nirqp_a) ^ .b£nirqp_b)^ .c£nirqp_c)^ 

.data_out_a £firqp_a}^ .data_out_b £firqp_b)^ . data_out_c £firqp_c) ) ; 

tmr_voter_4bit_trip voter 14 £ .a £naluop_a) ^ .b £naluop_b)^ . c £naluop_c), 

.data_out_a £faluop_a), . data_out_b £faluop_b)^ .data_out_c £faluop_c) ) ; 

tmr_voter_5bit_trip voterlS £ .a £nwb_reg_addrl_a) ^ .b£nwb_reg_addrl_b)^ . c£nwb_reg_addrl_c) 

.data_out_a £fwb_reg_addrl_a} ^ .data_out_b £fwb_reg_addrl_b)^ . data_out_c £fwb_reg_addrl_c) ) ; 

tmr_voter_5bit_trip voterl6 £ .a £nwb_reg_addr2_a)^ .b£nwb_reg_addr2_b), . c£nwb_reg_addr2_c) 

.data_out_a £fwb_reg_addr2_a}' ^ .data_out_b £fwb_reg_addr2_b) ^ . data_out_c £fwb_reg_addr2_c) ) ; 

tmr_voter_5bit_trip voterl? £ .a £n3hamt_a) ^ .b£n3hamt_b)^ . c£n3hamt_c) ^ 

. da t a_out _a £ f 3hamt_a )^ . da t a_out_b £ f shamt_b K ■ da t a_out_c £ f shamt_c )} ; 

tmr_voter_32bit_trip voterlS £ . a £nregl_a) ^ .b£nregl_b) ^ . c £iiregl_c) ^ 

.data_out_a £fregl_a}^ . data_out_b £fregl_b)^ . data_out_c £fregl_c) ) ; 

tmr_voter_32bit_trip voterl9 £ .a £nreg2_a)^ .b£nreg2_b)^ .c£nreg2_c)r 
. data_out_a£freg2_aK . data_out_b£freg2_b)^ . data_out_c£freg2_c) ) ; 

tmr_voter_32bit_trip voter20 £ .a £njump_addr_a)^ .b£njump_addr_b)^ . c£njump_addr_c)^ 

.data_out_a £fjump_addr_a)^ .data_out_b £fiump_addr_b}, .data_out_c £fjump_addr_c) ) ; 
tmr_voter_32bit_trip voter21 £ .a £npc4_addr_a)^ .b£npc4_addr_b)^ . c£npc4_addr_c)^ 

. data_out_a £fpc4_addr_a) ^ . data_out_b £fpc4_addr_b)^ . data_out_c £fpc4_addr_c^ ) ; 

tmr_voter_32bit_trip voter22 £ .a £n3ign_ext_a)^ .b£n3ign_ext_b)^ . c£n3ign_ext_c)^ 

.data_out_a £f3ign_ext_a), . data_out_b £f3ign_ext_b)^ . data_out_c £f3ign_ext_c) ) ; 
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// Pipeline register declaration 

ID_EX_xeg xeg_a ( . elk: (elk:) ^ . xegdst [xegd3t_a) ^ . regwxite (regwrite_a) ^ 

. alusrc (alii3rc_a) r .memxead (memxead_a) ^ .memwxite (meiiwrite_a) ^ .niemtoxeg (meiiitoxeg_a) 
. aluop (aliiop_a) r .bne Cbne_a) ^ .beq[beq_a)r .biz Cblz_a) ^ .bgz [bgz_a) ^ .blez (blez_a) ^ 
.bgez (bgez_a) ^ . jump (iuinp_a) ^ . ixqp (ixqp_a) ^ . xegl (regl_a) ^ . reg2 (xeg2_a] ^ 

.pc4_addx (pc4_addx_a) ^ . 3ign_ext [3ign_ext_a) ^ . juciip_addx (junip_addx_a) ^ 

.wb_reg_addrl(wb_reg_addrl_a}^ .wb_reg_addr2(wb_reg_addr2_a)^ .shamt(3hajEt_a)^ 

.fregdst(nregd3t_a)^ .fregwrite(nregwrite_a)> .falusrc(nalu3rc_a)^ 

. fmemxead (nnieiiread_a) r . fmemwrite CniEeiiwrite_a) ^ . fmemtoreg Cniiiemtoreg_a) r 

.faluop(naluop_a)r .fbne(nbne_a)^ .fbeq(nbeq_a)^ .fblz(nblz_a)^ .fbgzCnbgz_a)^ 

. fblez (nblez_a) r . fbgez [nbgez_a) , . f jump (njunip_a) ^ . f ixqp (nixqp_a} ^ . f xegl (nxegl_a) ^ 

.fxeg2(nreg2_a)^ .fpc4_addx(npc4_addr_a)^ .f3ign_ext(n3igTi_ext_a)^ 

. f junip_addx [njump_addx_a) ^ . fwb_xeg_addxl (nwb_reg_addxl_a) , 

. fwb_xeg_addr2 (nwb_xeg_addx2_a|^ ^ . f shamt (n3hamt_a) ) ; 

ID_EX_xeg xeg_b (.clkCclk)^ .xegdst(xegd3t_b)^ .regwxite(regwxite_b}^ 

. alusrc (alu3rc_b) r .memxead (nienLxead_b) ^ .memwxite (iEemwrite_b) ^ .niemtoxeg (meiiitoxeg_b) 
.aluop(aluop_b)r .bne£bne_b)^ .beq[beq_b)r .biz£blz_b)^ .bgz£bgz_b)^ .blez£blez_b), 
.bgez £bgez_b) ,r . jump £ jump_b) ^ . irqp £irqp_b) ^ . regl £regl_b) , . reg2 £reg2_b) ^ 

.p c 4_addr £ p c 4_addr_b), .sign_ext £ sign_ext_b .j ump_addr £ j ump_addr_b), 

.wb_r e g_addr1 £ wb_r e g_addrl_b }r .wb_r e g_addr 2 £ wb_r e g_addr 2 _b)^ .shamt £ 3hamt_b)^ 

.fregdst£nxegd3t_b)^ .fregwrite£nregwrite_b)^ .falusrc£nalu3rc_b)^ 

.fmemxead£nmemread_b)^ .fmemwxite£nmemwxite_b)^ .fmemtoxeg£nmemtoxeg_b)^ 

.faluop£naluop_b)r .fbne£nbne_b), .fbeq£nbeq_b)^ .fblz£nblz_b)^ .fbgz£nbgz_b)^ 

.fblez£nblez_b)r .fbgez£nbgez_b), .fjump£njump_b)^ .firqp£nirqp_b}^ .fregl£nregl_b)^ 

.freg2 £nreg2_b)^ .fpc4_addr £npc4_addr_b)^ .fsign_ext £n3ign_ext_b)^ 

.fjump_addr £njump_addx_b)^ .fwb_xeg_addrl£nwb_reg_addrl_b)^ 

.fwb_xeg_addx2 £nwb_xeg_addx2_b}^ .fshamt £n3hamt_b)); 

ID_EX_xeg xeg_c £.clk£clk)^ .xegdst£xegd3t_c)^ .regwxite£xegwrite_cK 
. alusrc £alu3rc_c) r .memread £memread_c) ^ .memwrite £memwrite_c) ,, .memtoreg £memtoreg_c) 
.aluop£aluop_c)r .bne£bne_c)^ .beq£beq_c)r .biz£blz_c)^ .bgz£bgz_c)^ .blez£blez_c)^ 

.bgez£bgez_c)f .jump £jump_c)^ .ixqp£irqp_c)^ .regl£regl_c), .reg2£reg2_c)^ 

.p c 4_a ddx £ p c 4_addr_c ], .sign_ext £ sign_ext_c}^ .j ump_addx £ j ump_addr_c), 

.wb_xeg_addxl£wb_xeg_addrl_c}^ .wb_xeg_addx2 £wb_xeg_addx2_c)^ .shamt £3hamt_c)^ 

.fregdst £nregd3t_c)^ .fregwrite £nregwrite_c)^ .falusrc £nalu3rc_c)^ 

.fmemxead £nmemread_c), .fmemwrite £nmemwrite_c)^ .fmemtoreg £nmemtoxeg_c)^ 

. f aluop £naluop_c) r . fbne £nbne_c) , . fbeq £nbeq_c) ^ . fblz £nblz_c) ^ . fbgz £nbgz_c]^ ^ 

. fblez £nblez_c) r . fbgez £nbgez_c) , . f jump £njump_c) ^ . f ixqp £nirqp_c)'^ . f regl £nregl_c) , 

.freg2 £nxeg2_c)^ .fpc4_addr £npc4_addr_c)^ .f3ign_ext £n3ign_ext_c)^ 

.fjump_addx £njump_addx_c)^ .fwb_xeg_addxl£nwb_xeg_addxl_c)^ 

.fwb_xeg_addr2 £nwb_xeg_addx2_c )^ .fshamt £n3hamt_c)); 

endmodule 
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G. EX STAGE 
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m ult i p tex_2tp 1 _n b it 


se[_a> - 


sel sel_reg(31:0) 


sel_reg_a(31:0)> 


reg1_a(31 :Q)> - 


reg 1(31:0) 


reg2_a(31:0)> - 


reg 2(31:0) 


m ult i p lex_2to 1 _n b it 


sel_b-) - 


sel - sel_reg(3-1: 0) 


sel_reg_b(31:0)> > 


reg1_b(31:Q)> 


reg 1(31:0) 


reg2_b(31:0)> 


reg 2(31:0) 


m ult i p lex_2to 1 _n b it 


sei_cy 


sel sel_reg(31:0) 


sel_reg_e(31:0)> 


feg1_c(31:0)>- 


reg 1(31:0) 


reg2_e(31:Q)> - 


reg 2(31:0) 


shift Ieft2 


inst in a(31^ instjn(31:0)nst_out(31:0) Rnst out af31:0)> 


shift Ieft2 


inst in b(31:0)> - 


inst_in(31:0|nst_out{31:0) 


inst out b(31:0)> 


Shift Ieft2 


inst_in_c(31:0)> - 


inst_in(31:0)nst_out{31:0) 


inst_out_c(31:0)> 
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ALU bhv 


opa_a(3T:0)> 

-opb~af3T:0>> 

shaml a(4:0)> 

I €ntla(3:0)> 


■seq 


a{31:0) ■ • 
b{3i:0) : : 
shamt(4;0) 
Gnt(-3:d)- ■ 


. siz 

::: :: 

■ • • • • slez 

. sgez 

resuit (3-1:0) 


■sne 


ALU bhv 


Qpa b(31:0>> - 
QpbIb(31:G>V 

shamt b(4:0)> 

I cnt~b(3:0)> 


-seq 


a{31:0) ■ ■ 
b{3i:d) : : 
shamt^id) 
Gr>t{-3:d)- • 


. sIz 

; •: •: ^gz 

■ • ■ • ■ slez 

. sgez 

resuit(3i.1;d) 


■sne 


ALU bhv 


opa c(31:0)> 

-opb~e(31:Q>> 

shamt cf4:0)> 

\ cntIe(3:Q)> 


■eeq 


a{31:0) ■ • 
b{31:0) : : 
shamt(4;0) 
Gnt(-3:d)- • 


. siz 

: ; ; ; -sgz 
■ • • • • slez 

. sgez 

result (31:0) 


■sne 


seq^a^ - 

slz 3 ^ :::::::::: 

sg^a> 

slez_a> ;;;;;;;;; 
sgez- a>- ■ ■ ■ ^ ; ; ; ; 

fesurt ~a(31: Q)> 

■sne_^ ^ ■ ■ ■ ■ ; ; ; ; 


eeq_b~> ;;;;;; 

siz 35 :::::: 

■sgz^b> 
slez~ b> 
egezlbj) . 

resulF-b(31:0)> 

■sne_b^ ■ ■ ■ ■ ; 


::::::::: 

SlZ^C> . 

slez_c> 

sgez- G>- ■ ■ ■ ^ ; ;; ; 

fesulF-c(31:0)> 

-sne_c^ - - - - - ; ; ; ; 
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addr adder 


addrjn_a(31:0)> 
increment a(31:Q)> 


addr_in(31:0) addr_out(31:Q) 
increment(31:Q) . . 


addr_out_a(31:0)> 


addr in b(3i^Q^ 
increm ent_b (31:0)> - 


addr adder 


addr_in(31:0) addr_out(31:0) 
inerement(31:0} 


addr out b(31:0)> 


addr in c(31:0)> - 


addr adder 


addr_in(31:0) addr_Gut(31:C>) 
increment(31:Q} 


addr out c(31:0)> 


increment c(31:0)> 
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m u Iti plex_2to 1 _reg_addr 


■s_a^ 


wb_addr(4;0) 


wb_addr_a{4:0)> 


addr1_a(4:Q)> - 


addr1(4:0) 


addr2_a(4:Q)> - 


addr2(4:0) 


m u Iti plex_2to 1 _reg_addr 


■ : i -s_b-> - 


wb_addr(4;0) 


wb_addr_b{4:Q)> 


addr1-_b(4iQ)> - 


addr1(4:0^ 

addr2(4:0) 


addr2_b(4:Q)> - 


multiplex_2to1_reg_addr 


■s_c> - 


wb_addr(4;0) 


wb_addr_e(4:Q)> 


addf1_e(4!Q)y 


addr1(4:0) 


addf2_c(4iQl> - 


addr2(4:0) 
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ALU (ALU_bhv) 


module MjU_bhv[af Shamtu cnt^ result^ seq^ sne^ slz^ slez^ sgz^ sgez); 
input [31:0] a^ b; // ALU operands 

input [4:0] stiamt; // Humber of spaces to shift in SLV and SRV instruction 
input [3:0] cnt; // Indicates the t^f^e of ALU operation to be performed 
output reg [31:0] result; // Output result 

output reg seq^ sne, slz^ slez^ sgz^ sgez; // Comparison bits 

initial 

begin 

result <= 0; 
seq <= 0; 
sne <= 0; 
slz <= 0; 
slez <= 0; 
sgz <= 0; 
sgez <= 0; 

end 

// Set ALU comparison bits seq and sne 
always @ (a or b or cnt) 
begin 

if (a = b) 
begin 

seq = 1'bl; 
sne = I'bO; 

end 

else 

begin 

seq = 1'bO; 
sne = I'bl; 

end 

end 

// Set ALU comparison bits sgz^ sgez^ slz^ and slez 
always @ (a or b or cnt) 
begin 

if Ca[31] = 0) 
begin 

if [a = 0) 
begin 

sgz = 0; 
sgez = 1; 
slz = 0; 
slez = 1; 

end 

else 

begin 

sgz = 1; 
sgez = 1; 
slz = 0; 
slez = 0; 

end 

end 

if (a[31] == 1) 
begin 

sgz = 0; 
sgez = 0; 
slz = 1; 
slez = 1; 


end 

(continued on next page) 
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// ALU Operations 
always 0(a or b or cnt) 
begin 

if (cnt = 0) 


result = a 

+ 

b; 

// 

Addition 

else if (cnt ■ 

== 




result = a 

- 

b; 

// 

Subtraction 

else if (cnt ■ 

= 

2 } 



result = a 

& 

b; 

// 

AND 

else if (cnt ■ 

== 

3} 



result = a 

1 

b; 

// 

OR 

else if (cnt ■ 

= 




result = a 


b; 

// 

XOR 

else if (cnt ■ 

== 

5} 



result = “ 

(a 

1 b}; 

// NOR 

else if (cnt ■ 

= 




result = a 

« b; 

// 

3LLV 

else if (cnt ^ 

== 

7} 



result = a 

« shaiEt 

; // SLL 

else if (cnt ^ 


3} 



result = a 

» b; 

// 

SRLV 

else if (cnt ^ 


9} 



result = a 

» shaiEt 

; // SRL 

else if (cnt ^ 


10) 

// 

SLT 


begin 

if (a < b} 

result = 1; 
else 

result = 0; 

end 


end 


endmodule 


2, 


Address Adder (addr_adder) 


module addr_adder ( addr_iiif increment ^ addr_out) ; 

input [31:0] addr_inf increment; 
output reg [31:0] addr_out; 

initial 

addr_out = 0; 

// The offset is added to the PC + 4 address to obtain the potential branch 
// address result. This result will only be forwarded if the criterion for a 
// branch instruction are met in the MEM stage, 
always @ (addr_in or increment) 

addr out = addr in + increment; 


endm.odule 


3. Second ALU Operand Multiplexer (multiplex_2tol_nbit) 


module multiplex_2tol_nbit[regl^ reg2^ sel^ sel_reg); 

input [31:0] regl^ reg2; 
input sel; 

output reg [31:0] sel_reg; 

initial 

sel_reg = 0; 

// Select either the second register file output value or the sign extended 
// immediate value to use as an operand to the ALU. 
always @[regl or reg2 or sel) 
begin 

if (sel = I'bO) 

3el_reg = regl; 
else 

sel_reg = reg2; 

end 


endmodule 


4. Immediate Offset Shifting Module (shift_left2) 


module 3hift_left2 (inst_in,r in3t_out) ; 

input [31:0] in3t_in; 
output reg [31:0] inst_out; 

initial 

in3t_out = 0; 

// Shifts the immediate field of the instruction left two bits to translate it 
// from a word offset to a byte offset, 
always @ (in3t_in) 

inst out = inst in « 2; 


endmodule 
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5. Register Address Multiplexer (multiplex_2tol_reg_addr) 


module multiplex_2tol_reg_addr (addrl,r addr2f wb_addr) ; 

input [4:0] addr1; 
input [4:0] addr2; 
input 3; 

output reg [4:0] wb_addr; 

initial 

wb_addr = 0; 

always @ (addrl or addr2 or s) 
begin 

if (3 = I'bO) 

wb_addr = addrl; 
else 

wb_addr = addr2; 

end 


endniodule 


H. EX/MEM REGISTER 


module EX_l-IEM_reg_tiir2 (raemread_a^ iEemwrite_af memtoreg_af regwrite_af beq_ar bne_af 
blz_a, bgz_af blez_ar bgez_af juiip_a^ 3eq_af 3ne_af slz_a, 3gz_a^ 3lez_ar 3gez_a^ 
irqp_a^ br_addr_af junip_addr_a^ alu_re3ult_af wr_data_af wb_reg_addr_af 
fmemread_a^ fraeniwrite_a^ fmemtoreg_a^ fregwrite_ar fbeq_a^ fbne_a^ 
fblz_a^ fbgz_a^ fblez_af fbgez_a, fjuHip_a^ f3eq_af fsne_a, f3lz_a^ f3gz_af 
f3lez_a^ f3gez_a^ firqp_af fbr_addr_a^ f juiiip_addr_a ^ falu_re3ult_a^ fwr_data_a,r 
fwb_r e g_addr_a ^ 

meniread_b^ merawrite_bf memtoreg_bf regwrite_br beq_bf bne_b,r blz_b^ bgz_bf 
blez_bf bgez_b^ junip_bf 3eq_bf 3ne_b^ 3lz_b^ 3gz_bf slez_bf 3gez_b^ irqp_br br_addr_b 
jump_addr_b^ alu_re3ult_b ^ wr_data_b^ wb_reg_addr_b ^ fmenLread_b^ fiiemwrite_b ^ 
fmemtoreg_b^ fregwrite_br fbeq_b, fbne_b^ fblz_bf fbgz_bf fblez_b^ fbgez_bf 
fjijmp_b, f3eq_b^ f3ne_bf f3lz_b^ f3gz_b^ f3lez_bf f3gez_b, firqp_b^ fbr_addr_bf 
fjump_addr_bf falu_re3ult_bf fwr_data_b^ fwb_reg_addr_b, 

me]i.read_c^ i]iiemwrite_Cr memtoreg_Cf i:egwrite_Cr beq_Cf bne_c^ blz_c^ bgz_Cr 
blez_c^ bgez_c^ juBip_Cr 3eq_c^ 3ne_c^ 3lz_c^ 3gz_Cf 3lez_c^ 3gez_c^ irqp_Cf br_addr_c 
jump_addr_c^ alu_re3ult_Cf wr_data_c^ wb_reg_addr_Cr fmenLread_c^ fmemwrite_Cr 
fmemtoreg_c^ fregwrite_Cr fbeq_c^ fbne_c^ fblz_Cf fbgz_c^ fblez_c^ fbgez_Cr 
fjump_Cf f3eq_Cf f3ne_Cf fslz_Cf f3gz_c^ f3lez_Cf f3gez_Cf firqp_Cf fbr_addr_Cf 
fjijmp_addr_c^ falu_re3ult_Cf fwr_data_c^ fwb_reg_addr_Cf elk); 

(continued on next page) 
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// Inputs 
input elk; 

input nienLTead_a^ nienLxead_b^ nienLTead_c; 

input iner[Lwrite_a^ memwrite_bf r[LenLwrite_c; 

input mer[Ltoreg_a, memtoreg_b^ iJienitoreg_c; 

input regwzite_a^ regwrite_b^ regwrite_c; 

input beq_af beq_b^ beq_c; 

input bne_af bne_b^ bne_c; 

input blz_af blz_b^ blz_c; 

input bgz_ar bgz_b^ bgz_c; 

input blez_ar blez_b, blez_c; 

input bgez_af bgez_b^ bgez_c; 

input jui[Lp_ar jump_b^ juiiip_c; 

input 3eq_ar 3eq_b^ 3eq_c; 

input 3ne_a ^ 3ne_b ^ 3ne_c; 

input 3lz_af 3lz_b^ 3lz_c; 

input 3gz_a^ 3gz_b^ 3gz_c; 

input 3lez_ar 3lez_b^ 3lez_c; 

input 3gez_ar 3gez_b^ 3gez_c; 

input irqp_ar irqp_b^ irqp_c; 

input [31:0] br_addr_af br_addr_bf br_addr_c; 
input [31:0] jump_addr_ar jiJLnip_addr_b^ jump_addr_c; 
input [31:0] alu_re3ult_a^ alu_re3ult_b^ alu_xe3ult_c; 
input [31:0] wr_da t a_a ^ wr_da t a_b ^ wr_da t a_c; 
input [4:0] wb_reg_addr_a^ wb_reg_addr_b^ wb_reg_addr_c 

// Nires connecting pipeline registers to voters 

wire nnienLread_a^ nmeiiread_bf niiLeiiiiread_c; 

wire rfflieiJiwxite_a^ nmemwrite_b^ nmemwrite_c; 

wire ni!ieriitoreg_a^ nmenitoreg_b^ nmemtoreg_c; 

wire nregwrite_a^ nregwrite_bf nregwrite_c; 

wire nbeq_af nbeq_b, nbeq_c; 

wire nbne_af nbne_b^ nbne_c; 

wire nblz_ar nblz_b, nblz_c; 

wire nbgz_ar nbgz_b^ nbgz_c; 

wire nblez_ar nblez_br nblez_c; 

wire nbgez_ar nbgez_br nbgez_c; 

wire njump_ar njump_bf njuiiip_c; 

wire n3eq_ar n3eq_b^ n3eq_c; 

wire n3ne_ar n3ne_b^| n3ne_c; 

wire n3lz_ar n3lz_b^ n3lz_c; 

wire n3gz_af n3gz_b^ nsgz_c; 

wire n3lez_ar n3lez_bf n3lez_c; 

wire n3gez_ar n3gez_bf n3gez_c; 

wire nirqp_ar nirqp_bf nirqp_c; 

wire [31:0] nbr_addx_af nbr_addr_br nbr_addr_c; 

wi re [31:0] nj unip_a ddr_a ^ nj ump_addr_b ^ nj uii[Lp_a ddr_c; 

wire [31:0] nalu_re3ult_af nalu_re3ult_b^ nalu_re3ult_c 

wire [31:0] nwr_data_af nwr_data_br nwr_data_c; 

wire [4:0] nwb_r e g_addr_a ^ nwb_r e g_addr_b, nwb_r e g_addr 

(continued on next page) 
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// Outputs 

output fmeniread_af fmenixead_b^ fiiieraxead_c; 

output fmer[iwxite_af fnLemwxite_bf fnieniwxite_c; 

output fmemtoxeg_ar fmenLtoxeg_b(r fnienitoxeg_c; 

output fxegwxite_ar fxegwrite_b^ fxegwxite_c; 

output fbeq_a^ fbeq_bf fbeq_c; 

output fbne_a ^ fbne_b ^ fbne_c; 

output fblz_a^ fblz_bf fblz_c; 

output fbgz_a^ fbgz_bf fbgz_c; 

output fblez_a^ fblez_b^ fblez_c; 

output fbgez_a^ fbgez_b^ fbgez_c; 

output fjump_a^ fjump_b^ fjuiiip_c; 

output f3eq_a^ f3eq_bf f3eq_c; 

output f3ne_a^ f3iie_bf f3ne_c; 

output f3lz_a, f3lz_b^ f3lz_c; 

output f3gz_a, f3gz_b,r f3gz_c; 

output f3lez_af f3lez_b,r f3lez_c; 

output f3gez_a^ f3gez_b^ f3gez_c; 

output firqp_af firqp_b^ firqp_c; 

output [31:0] fb r_addr_a, fb r_addr_b ^ fb r_addr_c; 
output [31:0] f juiiip_addx_a^ f junip_addx_b ^ f jump_addr_c; 
output [31:0] falu_xesult_a^ falu_xe3ult_bf falu_xe3ult_c; 
output [31:0] f wr_da t a_a f wr_da t a_b ^ f wr_da t a_c; 
output [4:0] fwb_xeg_addx_a^ fwb_xeg_addx_b^ fwb_xeg_addx_c; 

// Voter declaration 

tiEr_voter_trip voterO ( . a (mi[ieiEread_a) ^ .b (nMeiEread_b) ^ . c (nnieiEread_c) ^ 

.data_out_a (fnLeiiaxead_a) ^ . data_out_b (fnieiJixead_b) ^ . data_out_c (fiiaemxead_c} ) ; 

tiEr_voter_trip voterl ( . a (miieiEwrite_aK .b (nBieiiwrite_b) ^ . c (nmemwrite_c) ^ 

. data_out_a (fnLeiiiwxite_a) ^ . data_out_b (fiiiemwxite_b) ^ . data_out_c (fmeiEwxite_c) ) ; 

tiiLr_voter_trip voter2 ( . a (nmemtoreg_a} ^ .b (nDiienitoreg_b) ^ . c (nmemtoreg_c) ^ 

. da t a_out_a (f meiiit ore g_a) ^ ■ da t a_out_b (f meuit ore g_b) ^ . da t a_out_c (f memt ore g_c) ) ; 
tiEr_voter_trip voter3 [ . a (nregwrite_a)'^ .b £nregwrite_b) ^ . c (nregwrite_c) ^ 

.data_out_a(fregwrite_a)^ .data_out_b(fregwrite_b)^ .data_out_c(fregwrite_c)); 

tiEr_voter_trip voter4 (.a(nbeq_a}r .b(nbeq_b)r .c(nbeq_cK 

.da t a_out_a(fb e q_a)^ .da t a_out_b(fb e q_b)^ ■da t a_out_c(fb e q_c)>; 
tiEr_voter_trip voters (.a(nbne_a}f .b(nbne_b)r .c(nbne_c}r 

.data_out_a(fbne_a)^ .data_out_b(fbne_b)^ .data_out_c(fbne_c)}; 

tiEr_voter_trip voter6 (.a(nblz_aK .b(nblz_b)r .c(nblz_c}r 

.da t a_out_a(fb1z_a)^ .da t a_out_b(fb1z_b)^ ■da t a_out_c(fb1z_c)}; 
tiLr_voter_trip voter? (.a(nbgz_a}f .b(nbgz_b)r .c(nbgz_c)'f 

.data_out_a(fbgz_a}^ .data_out_b(fbgz_b)^ ■data_out_c(fbgz_c)}; 

tiEr_voter_trip voter3 ( . a (nblez_a) ^ .b (nblez_b) ^ .c(nblez_c)r 
.da t a_out_a(fb1e z_a)^ .da t a_out_b(fb1e z_b)^ .da t a_out_c(fb1e z_c)}; 
tiEr_voter_trip voter9 ( . a (r!bgez_a) , .b (nbgez_b) ^ .c(nbgez_c)r 
.data_out_a(fbgez_a)^ .data_out_b(fbgez_b)^ .data_out_c(fbgez_c)}; 

tiar_voter_trip voterlO (.a[n3eq_a)f .b (n3eq_bK .cCn3eq_c)f 

.data_out_a(f3eq_a)^ .data_out_b(f3eq_b)^ .data_out_c(f3eq_c)>; 
tiEr_voter_trip voterll (.aCn3ne_a), .b(n3ne_b}^ .c(n3ne_c),r 

. data_out_a (f3ne_a) ^ .data_out_b (f3ne_b) ^ . data_out_c (f3ne_c) ) ; 

ti)iLr_voter_trip voterl2 (.aCn3lz_a)f .b(n3lz_bj^ .cCn3lz_c)f 

.data_out_a(f3lz_a)^ .data_out_b(f3lz_b)^ .data_out_c(f3lz_c)>; 
tiLr_voter_trip voterl3 (.a(n3gz_a), .b(n3gz_b}, .c[n3gz_c), 

.data_out_a(f3gz_a)^ .data_out_b(f3gz_b)^ .data_out_c(f3gz_c)}; 

tiiLr_voter_trip voterl4 ( . a [n3lez_a) ^ .b (n3lez_b) ^ .c(n3lez_c)r 
.data_out_a(f3lez_a)r .data_out_b(f3lez_b)^ .data_out_c(f3lez_c)>; 

tiEr_voter_trip voterlS (.a[n3gez_a)^ .b(n3gez_b)^ .c(n3gez_c)r 
.da t a_out_a(f s ge z_a)^ .da t a_out_b(f s ge z_b)^ .da t a_out_c(f s ge z_c)}; 
tnLX_voter_trip voterlC ( . a [nixqp_a) ^ .b (nixqp_b) ^ .c(nirqp_c)r 
.data_out_a(firqp_a)^ .data_out_b(firqp_b)^ .data_out_c(firqp_c)}; 

tiLr_voter_trip voterl? J . a [njump_a) ^ .b (njuQEp_b) ^ .c(njump_c)r 
. da t a_out_a (f j unip_a) ^ . da t a_out_b (f j uiiLp_b) ^ . da t a_out_c {f j uiap_c) } ; 

tnLX_voter_32bit_trip voterlS (.a(nbr_addr_a)^ .b(nbr_addr_b)^ .c(nbr_addr_c)^ 

.data_out_a(fbr_addr_a)^ .data_out_b(fbr_addr_b)^ .data_out_c(fbr_addr_c}); 

tiEr_voter_32bit_trip voterlS ( . a (niump_addr_a} ^ .b Cnjump_addr_b) ^ . c (njunip_addr_c) ^ 

. data_out_a (f jiinip_addr_a} ^ . data_out_b (f jump_addr_b) ^ . data_out_c (f jiimp_addr_c) ) ; 

tiEr_voter_32bit_trip voter20 (.a(nalu_re3ult_a)^ .b(nalu_re3ult_b)^ .c(nalu_re3ult_c)^ 

.data_out_a(falu_re3ult_a)^ .data_out_b(falu_re3ult_b}^ .data_out_c(falu_re3ult_c)); 
tiEr_voter_32bit_trip voter21 (.a(nwr_data_a)^ .b(nwr_data_b)^ .c(nwr_data_c)^ 

.data_out_a(fwr_data_a)^ .data_out_b(fwr_data_b)^ .data_out_c(fwr_data_c}); 

tmr_voter_5bit_trip voter22 (.a(nwb_reg_addr_a)^ .b(nwb_reg_addr_b)^ .c(nwb_reg_addr_c)^ 

.data_out_a(fwb_reg_addr_a)^ .data_out_b(fwb_reg_addr_b)^ .data_out_c(fwb_reg_addr_c)}; 

(continued on next page) 
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// Pipeline register declaration 

EX_MEM_reg reg_a [ . elk: (elk} ^ .memread (memread_a} ^ .memwrite (menLwrite_a} ^ 

.memtoreg (menitoreg_a) r . regwrite (regwrite_a} ^ .beq(beq_a)^ .bne (bne_a) ^ 

.biz(blz_a)^ .bgz(bgz_a)r .blez(blez_a)^ .bgez(bgez_a)^ .3eq(3eq_a}r 

.3ne(3ne_a)^ .3lz(3lz_a)r .3gz(3gz_a)^ .slez(3lez_a}^ .sgez(3gez_a)^ 

. irqp (irqp_a) ^ . jump (jmiap_a) ^ . b_addr (br_addr_a} ^ ■ jiimp_addr (jiimp_addr_a} ^ 

.alu_re3ult(alu_Te3ult_a}^ .wr_data(wr_data_a}^ .wb_reg_addr(wb_xeg_addr_a)^ 

. fmemread (nraeraread_a) ^ . fmerawrite (niiier!iwrite_a) ^ . fraemtoreg (niaemtoreg_a} ^ 

.fregwrite(nregwrite_a}r .fbeq(nbeq_a)^ .fbne(nbne_a)^ .fblz [nblz_a) ^ 

. fbgz (nbgz_a) ^ . fblez (nblez_a) ^ . fbgez (nbgez_a) ^ . f seq (n3eq_a) ,, . f sne (n3ne_a} ^ 

.fslz(n3lz_a)^ .fsgz(n3gz_a)r .fslez(n3lez_a)^ .fsgez(n3gez_a), .fjump(njiimp_a)^ 

.firqp(nirqp_a)„ .fb_addr(nbr_addr_a)^ .fjump_addr(njump_addr_a)^ 

.f alu_r e sult(nalu_r e sult_a}^ .fwr_da t a(nwr_da t a_a} ^ .fwb_r e g_addr(nwb_r e g_addr_a)) 

EX_MEM_reg reg_b (.clk(clk}r .memread(memread_b}^ .memwrite[memwrite_b}^ 

.memtoreg(raeratoreg_b)f .regwrite(regwrite_b)^ .beq(beq_b)^ .bne[bne_b)r 
.blz(blz_b)^ .bgz(bgz_b)r .blez(blez_b)^ .bgez(bgez_b)^ .3eq(3eq_b)f 
.3ne(3ne_b)^ .3lz(3lz_b)r .3gz(3gz_b)^ .slez(3lez_b)^ .sgez(3gez_b)^ 

.irqp(irqp_b)^ .jump(jump_b)^ .b_addr(br_addr_b}^ .jump_addr(jump_addr_b}^ 

.alu_re3ult(alu_re3ult_b}r .wr_data[wr_data_b) > .wb_reg_addr[wb_reg_addr_b)^ 

.fmemread(nmemread_b)^ .fmemwrite(nmemwrite_b)^ .fmemtoreg(nmemtoreg_b}^ 

.fregwrite(nregwrite_b)f .fbeq(nbeq_b)^ .fbne(nbne_b)^ .fblz[nblz_b)^ 

.fbgz(nbgz_b)^ .fblez(nblez_b)^ .fbgez(nbgez_b)^ .fseq(n3eq_b)^ .fsne(n3ne_b)^ 

.fslz(n3lz_b)^ .fsgz[n3gz_b)r .fslez(n3lez_b)^ .fsgez(n3gez_b)^ .fjump(njump_b)^ 

.firqp(nirqp_b)^ .fb_addr(nbr_addr_b)^ .fjump_addr(njump_addr_b)^ 

.falu_re3ult(nalu_re3ult_b}^ ■fwr_data(nwr_data_b} ^ .fwb_reg_addr(nwb_reg_addr_b)) 

EX_MEM_reg reg_c (.clk(clk}r .memread(memread_c}^ .memwrite(memwrite_c}^ 

.memtoreg(memtoreg_c}f .regwrite(regwrite_c}^ .beq(beq_c)f .bne(bne_c)r 
.blz(blz_c)f .bgz(bgz_c)r .blez(blez_c)^ .bgez(bgez_c)^ .3eq[3eq_c}f 
.3ne(3ne_c)f .3lz[3lz_c)r .3gz(3gz_c)^ .slez(3lez_c)^ .sgez[3gez_c}^ 

.irqp(irqp_c)^ .jump(jump_c)^ .b_addr(br_addr_c}^ ■jump_addr(jump_addr_c}^ 

.alu_r e sult(alu_r e sult_c}^ .wr_da t a[wr_da t a_c}^ .wb_r e g_addr[wb_r e g_addr_c)^ 

.fmemread(nmemread_c)^ .fmemwrite(nmemwrite_c)^ .fmemtoreg(nmemtoreg_c}^ 

.fregwrite(nregwrite_c)^ .fbeq(nbeq_c)^ .fbne(nbne_c)^ .fblz[nblz_c)^ 

.fbgz(nbgz_c)^ .fblez(nblez_c)^ .fbgez(nbgez_c)^ .fseq(n3eq_c)^ .fsne(n3ne_c)^ 

.fslz(n3lz_c)^ .fsgz(n3gz_c)r .fslez(n3lez_c)^ .fsgez(n3gez_c)^ .fjump(njump_c)^ 

.firqp(nirqp_c)^ .fb_addr(nbr_addr_c)^ .fjump_addr(njump_addr_c)^ 

.f alu_r e sult(nalu_r e sult_c}^ .fwr_da t a(nwr_da t a_c} ^ .fwb_r e g_addr(nwb_r e g_addr_c)) 

endmodule 
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data mem 


.......... ■ |- re en- 

. ■ .pjrq.~a^ 
....... ■ ■ ■ I wr CT- aV — 

. |- l3c_e nable_a) — 

1 tx "empty a) — ^ 

• • ■ • ■ ■ • I acldr a(3-1:0)W 
; ■ ■ I dka ■iri~a(-3-1:0)S —F 
; ; |- uart- data- in ■ a(7-TO —F 


“ . data_out(31:0} 

• -uart- data outf^^Ci) 
wr_en ■ ■ ■ ■ ^ ^ ■ ■ ■ ■ 

tx_er>ab(e ■l£l_tx_data_flag 

tx_@mpty- 

addff3i:0) ::::::::::: 


data out- ai'3t:0!)>- ; 

dart- -data out- a(7:5T^ - 

] d_tK_d at a_f I a g _a • ■ • 


data_in[^i;{)j ■ ■ 

uart_data_in{7;b)j 


- ■ | re faV — 

' ■ ■ pirglfa-^ 

. . • I wr en- b-y — 

Itx^^enabiej^bV — 
::::::: I bTempty^b) — 

•; ■ ■ '-I addF b(-3-1jO)W 
; ; ■ ■ I dka- in~b('31:0)> —F 
; ; |- uartdata- in ■ b(7:0y> —F 


data mem 


“ . data_Gutp-1:0) 

■ -uart- data ■out[7:0) 
wr_en ■ ■ ■ ■ ^ ■ ■ ■ ■ ■ 

tK_errabt& ■ld_tx_data_flag 

tK_empty . 

addf(31>0) ; ; ; ^ ; ; ; ; ^ ; 

datajnpiib) . 

uart_data_in{7:0)j . 


clata^out^b(31::0)>- ■ ■ ; 

uart data out- bf7:QT^ - 

td_tx_data_flag_b ; ; 


data mem 


re_en_cy 


:irq_c:> - 


-wr en- c>- 


tx- enable 
■bTemptY"^ 


addfcf3-1:0): 

|- data in c('31:0)^ 


[ uart- data in ■ c(7:0); 


■ • ■ data_out[31;0) 
■uart_data_out[7;Ci) 


re_en 

'ff] :: 

wr_en 

tx_er>ab(e ■ld_tx_data_flag 
tx_ 0 mpty . 


addrpiiO;) . 

data_in[3i;{)j ■ ■ ■ 
uart_dat'a_in{7;0)^ 


data ■ out- c(31:0i)^ 


uaft~dat^ out' c(7:Qi^ - 


id tx- data flag- c^ - 
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ittodiile pc_3elect_modiJle_trip3 (br_jui[ip_3el_af br_jijnip_3el_b ^ br_jiinip_3el_Cf 

pc4_addr_af pc4_addr_bf pc4_addr_Cf irq_af irq_bf irq_Cf aclc_af ac]c_bf ac]c_Cf 
br_juimp_addr_a, br_ji2mp_addr_b,r br_ji]Liip_addr_c ^ irqp_a, irqp_b^ irqp_c,r npc_a^ 
iipc_b, npc_c) ; 

input br_juiap_3el_af br_jiinip_3el_b ^ br_juiiip_3el_c; 
input irq_a^ irq_bf irq_c; 

input [31:0] br_juiEp_addr_a^ br_jump_addr_b^ br_jui[ip_addr_c; 
input [31:0] pc4_addr_a^ pc4_addr_bf pc4_addr_c; 

output [31:0] npc_af npc_b^ npc_c; 
output acli:_af ack:_bf ac]c_c; 
output irqp_a, irqp_b^ irqp_c; 


pc_3elect_module pc_3el_mod_a ( . br_juiflp_3el Cbr_juiap_3el_a) ^ .pc'4_addr (pc4_addr_a) 
.irq(irq_a)r . ack (ac]c_a) ^ .br_junLp_addr [br_juiap_addr_a) ^ . irqp Cirqp_a) ^ 

.npc(npc_a) ) ; 


pc_3elect_iiodule pc_3el_iiiod_b ( .br_juHip_3el Cbr_iuiap_3el_b) ^ .pc4_addr (pc4_addr_b) 
.irq(irq_b)f . ack ( ac]c_b ) ^ .br_junip_addr (br_juiiip_addr_b) ^ . ixqp i;irqp_b) ^ 

.npc(npc_b) ) ; 


pc_3elect_iEodule pc_3el_mod_c ( .br_juiip_3el (bi:_juiiip_3el_c) ^ .pc4_addr (pc4_addr_c) 
.irq(irq_c) ^ .ack(ack_c) ^ .br_jump_addr Cbr_juiap_addr_c) ^ .irqp i;irqp_c) ^ 

.npc(npc_c)); 


endmodule 


1. Branch Multiplexer (branch_multiplexer) 


module branchi_iEultiplexer (beq^ bne^ blz^ bgz^ blez^ bgez^ seq^ 3ne^ 3lz^ 3gz^ 3leZf 
3geZ|r branch) ; 

input beq, bne^ biz, bgz, blez, bgez, seq, sne, 3lz, sgz, slez, sgez; 
output reg branch; 


initial 

branch = 0; 

// Branch conditions are met when a pair of branch flags and comparison flags 
// are both high. This only triggers the branch/jump selector bit for the 
// address selector module, which will forward the result of this module and the 
// branch address calculated in the EX stage. 

always @(beq or bne or biz or bgz or blez or bgez or seq or sne or slz or sgz or 
slez or sgez) 

branch = [beq & seq) | [bne & sne) | [biz & slz) | [bgz & sgz) | 

[blez & slez) | [bgez & sgez); 

endir.odule 


139 




2, 


Address Selector Module (addr_sel_module) 


modale addr_3el_modi2le {'bT_a.dd.Tf juiiip_add2: ^ br_3elf jurap_3elr addr_outr 
br_jui[Lp_3el_out ) ; 

input br_3el, juMp_3el; // Branch and jump selector bits set during the ID stage, 
input [31:0] br_addr, juiEp_addr; // Branch and jump addresses set during the IF 

// and EX stages^ respectively, 
output reg [31:0] addr_out; // Output address 
output reg br_juittp_3el_out; // Output flag 

initial 

begin 

addr_out = 0; 
br_juiEp_3el_out = 0; 

end 


always @ (br_addr or juiap_addr or br_3el or junip_3el) 
begin 

if [br_3el & ~'juiap_3el) // Branch criterion met 
begin 

addr_out = br_addr; // Forward branch address to the PC selector module 
br_jump_3el_out =1; // Raise the branch/jump selector flag 

end 

else if ('“br_3el & jump_3el) // Jump criterion met 
begin 

addx_out = jump_addr; // Forward jump address to the PC selector module 
br_jump_3el_out =1; // Raise the branch/jump selector flag 

end 

else 

br_jump_3el_out =0; //No branch or jump criterion have been met^ the next 
// instruction address should be the normal PC + 4. 

end 


endmodule 


3. Data Memory (data_mem) 


[r.odule data_mem [addr^ data_in^ uart_data_inf wr_enr re_enf irq^ tx_enablef tx_emptyf 
ld_tx_data_flag^ data_out^ uart_data_out); 

input [31:0] addr^ data_in; // Input data and address 
input [7:0] uart_data_in; // UART write address 

input re_en,r wr_en, irq,r tx_enableir tx_empty; // Flags and control bits 
output reg [31:0] data_out; // Data read from memory 

output reg [7:0] uart_data_out; // Data read from special UART address 
output reg ld_tx_data_flag; // Flag to initiate UART transmit 

reg [7:0] data_byte0f data_bytelr data_byte2^ data_byte3; // Byte components 
reg [7:0] data_memory_module [0:44999]; // Memory data structure 
reg [31:0] uart_wr_addr; // Current UART write address 

reg [31:0] data_assemble; // Assembly of byte-wide components for load word instructions 

always @(addr or data_in or uart_data_in or wr_en or re_en or irq or tx_enable or 
tx_empty) 
begin 

ld_tx_data_flag = 0; // Ensure the UART transmit flag is low if there is no irqp 
if (~irq) 
begin 

if [wr_en && '-re_en) // Memory write operation 
begin 

// If the write address is in the UART transmit blocks ensure the entire 
// word is written into the last four addresses. 

(continued on next page) 
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if (addr == 44996 | addr = 44997 | addr == 44993 | addr = 44999) 
begir. 


data_raemory_nLodiJ.le [44996] = data_iii [31:24]; 

data_nienLory_module [44997] = data_in [23:16]; 

data_nienLory_nLodiile [44993] = data_inL [15:3]; 

data_nienLory_nLodule [44999] = data_in [7:0]; 

end 

// The remaining if/else statements prevent data from being written 
// into the block of address (22496 - 22499) where data memory stores 
// the current address for UART writes. If an instruction is 
// attempting to write outside the bounds of its address space, the 
// most significant bits that fit in the allocated space will be written, 
else if (addr = 22495) 

da t a_merao r y_module [addr] = da t a_in [31:24]; 
else if (addr = 22494) 
begin 

data_raemory_module [addr] = data_in [31:24]; 
data_memory_module [addr + 1] = data_in [23:16]; 


end 

else if (addr == 22493) 
begin 

data_memory_module [addr] = data_in [31:24]; 
data_memory_module [addr + 1] = data_in [23:16]; 
data_memory_module [addr + 2] = data_in [15:3]; 


end 

else if (addr < 22493) 
begin 

data_memory_module 
da t a_memo r y_module 
data_memo r y_module 
data_memory_module 


[addr] = data in [31:24]; 
[addr + 1] = data_in [23:16]; 
[addr + 2] = data_in [15:3]; 
[addr + 3] = data_in [7:0]; 


end 


end 

if (~wr_en && re_en) // Memory read operation 
begin 

// If a read operation occurs where the address specified is in the 
// UART transmit block, only a single byte of data from the very last 
// address in memory will be sent to the UART for transmission. The 
// memory addresses will then be sent to the register specified in 
// the load instruction, with the least significant byte being the 
// one transmitted by the UART. 

if (addr = 44996 | addr = 44997 | addr = 44993 j addr = 44999) 
begin 

uart_data_out = data_r[iemory_module [44999]; // Send the least 

// significant byte to 
// the UART. 

ld_tx_data_flag =1; // Flag to trigger UART transmission 

// Standard operation to write an entire word to a register as 

// part of the load word instruction. 

data_byteO = data_memory_module [44996]; 

data_bytel = data_memory_module [44997]; 

data_byte2 = data_memory_module [44993]; 

data_byte3 = data_memory_module [44999]; 

data_out = {data_byteO, data_bytel, data_byte2, data_byte3>; 

end 

// Memory in the address space, 22499 < addr < 44996, is reserved for the 
// UART and can only be written in single bytes. Any load word instruction 
// to this memory space will return data as the least significant byte of 
// the register. 

else if (addr > 22499 4 addr < 44996) 
begin 

data_byteO = 3'bOOOOOOOO; 
data_bytel = 3'bOOOOOOOO; 
data_byte2 = 3'bOOOOOOOO; 
data_byte3 = data_memory_module [addr]; 

data_out = {data_byteO, data_bytel, data_byte2, data_byte3}; 

end 


(continued on next page) 
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end 


// Memory in the address space^ addr < 22497^ can read an entire word into 

// the register. Read operations referencing 22497 to 22499 will read 

// as much data as allocated in the memory space without reading into the 
// UART data. 

else if (addr >= 0 i addr < 22497) 
begin 

data_byteO = data_memory_module [addr]; 

data_bytel = data_memory_module [addr + 1]; 

data_byte2 = data_memory_module [addr + 2]; 

data_byte3 = data_memory_module [addr + 3]; 

data_out = {data_byteOf data_bytelf data_byte2f data_byte3}-; 


end 

else if (addr = 
begin 

data_byteO 
data_bytel 
data_byte2 
data_byte3 
data_out = 

end 

else if (addr = 
begin 

data_byteO 
data_bytel 
data_byte2 
data_byte3 
data_out = 

end 

else if (addr = 
begin 

data_byteO 
data_bytel 
data_byte2 
data_byte3 
data_out = 

end 


22497) 

= 3'bOOOOOOOO; 

= data_memory_module [addr]; 

= data_raemory_module [addr + 1]; 

= data_memory_module [addr + 2]; 
{data_byteOf data_bytel^ data_byte2f 

22493) 

= 3'bOOOOOOOO; 

= 3'bOOOOOOOO; 

= data_raemory_module [addr]; 

= data_memory_module [addr + 1]; 
{data_byteO^ data_bytel^ data_byte2^ 

22499) 

= 3'bOOOOOOOO; 

= 3'bOOOOOOOO; 

= 3'bOOOOOOOO; 

= data_memory_module [addr] ; 
{data_byteO^ data_bytel^ data_byte2^ 


data_byte3}-; 


data_byte3>; 


data_byte3>; 


end 


else if (irq & '“tx_enable & tx_empty) // Interrupt request present 
begin 

// Temporary bytes are assigned to the current write address in UART memory. 

// The temporary bytes are then concatenated to obtain a complete memory 

// address that is then used as a reference in the memory assignment. 

data_byteO = data_memory_module [22496]; 

data_bytel = data_memory_module [22497]; 

data_byte2 = data_memory_module [22493]; 

data_byte3 = data_memory_module [22499]; 

uart_wr_addr = {data_byteO^ data_bytel^ data_byte2^ data_byte3}; 
data_memory_module [uart_wr_addr] = uart_data_in; 

// In the event the UART reaches its last write address^ the address counter 
// wraps around to the first address and updates the placeholder in memory, 
if (uart_wr_addr = 44995) 
begin 

uart_wr_addr = 22500; 
data_byteO = uart_wr_addr [31:24]; 
data_bytel = uart_wr_addr [23:16]; 
data_byte2 = uart_wr_addr [15:3]; 
data_byte3 = uart_wr_addr [7:0]; 
data_memory_module [22496] = data_byteO; 
data_raemory_module [22497] = data_bytel; 
data_meriiory_module [22493] = data_byte2; 
data_memory_module [22499] = data_byte3; 

end 

// If the UART has not yet reached the end of data memory^ the address is 

// incremented by one, and the placeholder address is updated. 

else 

begin 

uart_wr_addr = uart_wr_addr + 1; 
data_byteO = uart_wr_addr [31:24]; 
data_bytel = uart_wr_addr [23:16]; 
data_byte2 = uart_wr_addr [15:3]; 
data_byte3 = uart_wr_addr [7:0]; 
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data memory module 
data memory module 
data memory module 
data memory module 

end 

[22496] = data_byteO; 

[22497] = data_bytel; 

[22493] = data_byte2; 

[22499] = data_byte3; 

end 


end 



initial // Data memory is initialized from a file, 
begin 

$readmemb ( '^payload_proce33or_data_memory_init. txf^^ data_memory_module ) 

end 

endmodnle 
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4 


PC Selector Module 


module pc_3elect_module Cbr_jump_3el^ irq^ ack^ br_jui!ip_addrf pc4_addrr irqp^ npc) 

parajmeter i3r_3tart_addr = 44930; 
parameter isr_end_addr = 44996; 

input wire br_jump_3el^ irq; 

input wire [31:0] br_juHip_addr ^ pc4_addr; 

output reg [31:0] npc; 

output reg ack^ irqp; 

reg irq_proce33ing; 

reg [31:0] irq_return_addr; 

reg [31:0] curr_pc; 

initial 

begin 

npc = 4; 
ack = 0; 
irqp = 0; 

irq_proce33ing = 0; 
irq_return_addr = 44999; 
curr_pc = 0; 

end 

alwa Y3 @ ( p o 3 e dge b r_ j uinip_3 e 1 ) 
begin 

if (irq_proce33ing) 

irq_return_addr = br_junip_addr; 

end 

alwaY3 @(br_jump_3el or irq or br_jump_addr or pc4_addr) 
begin 

// An interrupt reque3t ha3 occurred^ and the 3Y3tem i3 not currently 
// servicing any interrupts, 
if (irq) 
begin 

ack =1; // Acknowledges IRQ of UART and flags the UART to place 
// data into the appropriate 1-IEM stage inputs. 

irqp = 0; 

irq_processing = 1; // Places processor in an interrupt state 
// If the branch/jump address selector is low, there is no branch 
// or jump instruction about to be processed. The return address 
// should be PC + 4. 
if ('“br_juiiiip_3el) 
begin 

irq_return_addr = pc4_addr; 
curr_pc = i3r_3tart_addr; 

npc = curr_pc; // Set the new PC for the ISR 

curr_pc = curr_pc +4; // Set the ISR PC to the 

// first ISR address. 

end 

// If the branch/jiimp address selector is high^ there is a branch 
// or jump instruction about to be processed. The return address 
// should be set to this value instead of PC + 4. 
else 

begin 

irq_return_addr = br_jump_addr; 
curr_pc = i3r_3tart_addr; 

npc = curr_pc; // Set the new PC for the ISR 

curr_pc = curr_pc +4; // Set the ISR PC to the 

// first ISR address. 

end 


end 

(continued on next page) 
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else 

begin 

if Iixq_proce33ing} 
begin 

ack: = 0; 

// If the next PC value is still less than the end address of the 
// ISRf the system is still busy performing the ISR on its 
// current UART data. The next PC address should be the 
// instruction immediately following the current one. 
if (pc4_addr <= i3r_end_addr) 
begin 

curr_pc = pc4_addr; 

npc = curr_pc; // Update to the next PC address 
// Trigger the IRQP flag bit during the final ISR instruction 
if (pc4_addr = i3r_end_addr) 
irqp = 1; 

end 

// If the next PC value is greater than the end address of the ISR^ 
// the system has completed its ISR and the next PC address should 
// be the previously saved return address, 
else 

begin 

npc = irq_return_addr; 
curr_pc = irq_return_addr; 
irq_proce33ing = 0; 
irqp = 0; 

end 


end 

// If no interrupt requests are present^ and the system is not servicing 
// an interruptf the next PC value is selected based on the state of the 
// br_jump_3el signal. 
else 

begin 

ack = 0; 

// The br_iump_3el flag is set high^ meaning there is a branch or 
// jump address that must serve as the next PC address, 
if (br_jump_3el) 
begin 

curr_pc = br_jump_addr; 
npc = curr_pc; 
curr_pc = curr_pc + 4; 

end 

// The br_jump_3el is set low, meaning there is no branch or jump 

// address, and the next PC value should be PC + 4. 

else 

begin 

// Perform special processing upon return from the 
if (curr_pc = irq_return_addr) 
begin 

curr_pc = curr_pc 4 4; 
npc = curr_pc; 

irq_return_addr = 44999; // Ensures the if statement is 
// not re-entered during the 
// next clock cycle 

irqp = 0; 

end 

// Standard assignment of the next PC address] 
else 

begin 

curr_pc = pc4_addr; 
npc = curr_pc; 
irqp = 0; 

end 


end 

irq_processing = 0; 

end 


end 


end 


endmodole 
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J. MEMAVB REGISTER 
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WB STAGE 


rr 

lU 

tiplex 2to1 32bit tripv! 

2 

^ . . 

■ . ■ ■ 

.^.. 

. . . . ^ . 


1 ■ ■ 


sel a . data out a(3-1;0)- 









— 

1 


inpuM_a(31;0} . 



r 


input2- a(31;0} . 



M 


..... 

^ . _ . . _j _ 









sel_b . data_ou t_b {3-1 ;0) • 






_ 








input1_b{31;0) . 


.1 

1 




1 


1 n iTi 1-1 ^. 





111 |yU LZ_LJ^ u 1 .iJj " ' 










1 - ■ 

sel c . data out c(3-1;0)- 

■ j ■.■■■■ 

■ ■ 

r 











- 


inpuM - c{31;0} . 










input2_G(31;0} . 










1 " ■ ■ " 1 ■ ■ " ■ 1 ■ ■ ■ ■ 1 ■ ■ " ■ 1 " " ■ ■ "j ■ ■ ■ " 'j ■ " ■ 

■' ■ 


Ir.odule multiplex_2 tol_32bit_tripv2 (inputl_a^ inputl_bf inputl_Cf input2_af 

input2_b,r input2_c^ 3el_af 3el_bf 3el_c^ data_out_af data_out_b^ data_out_c) ; 

input [31:0] inputl_af inputl_bf inputl_c^ input2_af input2_bf input2_c; 

input 3el_a^ 3el_bf 3el_c; 

output [31:0] da t a_out_a ^ da t a_out_b ^ da t a_out_c; 

iiultiplex_2tol_32bitv2 muxl ( . a (inputl_a) ,, .b (input2_a) ^ .3el(3el_a)^ 

.data_out(data_out_a)); 

iiultiplex_2tol_32bitv2 mux2 (.a(inputl_b)^ .b(input2_b)^ .3el(3el_b)^ 

.data_out(data_out_b)); 

multiplex_2tol_32bitv2 mux3 ( . a (inputl_c) ^ .b (input2_c) ,r .3el(3el_c)^ 
.data_out(data_out_c)); 


enducLodule 
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Write-Back Multiplexer 


module innjiltiplex_2tol_32bitv2 (a^ sel^ data_out} ; 

input [31:0] a^ b; 
input sel; 

output reg [31:0] data_out; 

always @(a or b or sel) 
begin 

if ("“sel) 

data_out = a; 
else 

data_out = b; 

end 

endmodule 
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APPENDIX B. TEST BENCHES AND WAVEFORMS 


This appendix contains the simulation results for the test program with UART 
integration. In Section A, all of the pipeline registers and voters are tested to ensure they 
are capable of correcting SBUs. Similar to the methods proposed in Chapter V, 
operational verification of the pipeline registers and voters allows the test program 
to be viewed through the lens of a single member of the triplicated set of processors 
(processor A). 

In Sections B - M of this appendix, the test program is verified using the inputs 
and outputs of each pipeline register and stage. Each section displays a single pipeline 
stage, pipeline register, or UART input and output signals. Within these sections, the 
inputs and outputs for that module are displayed consecutively from 0 - 336 ns in 
increments of 16 ns. These simulation results include the receipt of a byte of data at the 
UART receive interface that transitions to the ISR and the transmission of a data byte 
from memory through the UART transmit interface. The test bench used to initiate the 
simulation is included in Section N. 
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A. PIPELINE REGISTERS AND VOTING LOGIC 

1. PC Register 


1 Name | 

1 Value 1 

0ns 1 

10 ns 1 

. 1,.., 1 

|30 ns 1 


50 ns 1 

60 ns 1 

70 ns 1 

80 ns 1 

► ^|npc_b[31:0] 

00000000 


DOOOOOOO 


DC 

—ffl 

W— 

DC 

~000^ 

)00Q~ 

D( 

m 

fff 

X 

30000000 

► ^ npc_a[31:0] 

00000000 


30000000 


DC 


w 

DC 

~000^ 

)000~ 


ffff 

fff 

X 

30000000 

► ^ npc.cpirO] 

00000000 


30000000 


DC 


w 

DC 

~oQog 

)00Q~ 

~x 

ffff 

fff 

X 

30000000 

elk 

1 

'_1 

1 

J 

1 

1 

I 

1 

1 

C 

^ m pc.apirO] 

00000000 

00000000 ) 


ffffl 

=fff ) 

; 0000 

3000 ) 

: ffff 

fff 5 

; 0000 

3000 : 

^ m pc.bpi:0] 

00000000 

ooooi 

3000 


ffff 

Tff 



00000000 


^ pc.cpirO] 

ffffffff 


0000 

3000 




ffffffff 




2. 

Name | 

IF/ID I 

1 Value 1 

Register 

|0ns 1 

10 ns 1 

20 ns 1 

30ns 1 

40 ns 1 

50ns 1 

60 ns 1 

70ns 1 

80 ns 1 

^ i^ifinstruction_api:0] 

00000000 

K 

30000000 

X ffff 

Tff X 0000 

)000 X 

ffff 

Tff 

X 

30000000 ; 

^ ^ fpc4.addr.api:0] 

00000000 


30000000 

X ffff 

Tff X 0000 

>000 X 

ffff 

fff 

X 

30000000 ; 

^ ^ fjutnp_addr_api:0] 

00000000 

K 

30000000 

X ffff 

Tff X 0000 

)000 X 

ffff 

fff 

X 

30000000 

^ ^ finstruction_bpi:0] 

00000000 

f 

30000000 

X ffff 

Tff X 0000 

)000 X 

ffff 

Tff 

X 

30000000 : 

^ ^ fpc4_addr_bpi:0] 

00000000 


30000000 

X ffff 

Tff X 0000 

>000 X 

ffff 

Tff 

X 

30000000 ; 

^ ^ fjutnp_addr_bpi:0] 

00000000 


30000000 

X ffff 

Tff X 0000 

)000 X 

ffff 

Tff 

X 

30000000 ; 

^ ^ finstruction_cpi:0] 

00000000 


30000000 

X ffff 

Tff X 0000 

>000 X 

ffff 

fff 

X 

30000000 ; 

^ fpc4_addr_cpi:0] 

00000000 


30000000 

X ffff 

Tff X 0000 

)000 X 

ffff 

Tff 

X 

30000000 

^ ^ fjump_addr_cpi:0] 

00000000 


30000000 

X ffff 

Tff X 0000 

)000 X 

ffff 

fff 

X 

30000000 

elk 

1 

00000000 

'_1 

1 

r 

1 

1 

1 

1 

1 

1 

^ m instruction_api:0] 

00000000 ) 

; ffff 

Tff ) 

; 0000 

)000 ) 

: ffff 

Tff 3 

: 0000 

3000 

► M pc4.addr.api:0] 

00000000 

00000000 ) 

; ffff 

Tff ) 

; 0000 

>000 ] 

; ffff 

Tff 3 

: 0000 

3000 : 

^ ^$i jutnp_addr_api;0] 

00000000 

: 00000000 ) 

; ffff 

Tff ) 

; 0000 

)ooo 3 

; ffff 

Tff 3 

: 0000 

3000 

^ instruction_bpi:0] 

00000000 

0000 

3000 ) 


- fN 

Tff 



00000000 


^ 1^ pc4.addr_bpi:0] 

00000000 

0000 

3000 ; 


ffd 

fff 



00000000 


^ jump_addr_bpi:0] 

00000000 

0000 

3000 ; 


ffd 

fff 



00000000 


^ ^ti instruction_cpi:0] 

ffffffff 


0000 

booo 

-j 



ffffffff 



^ ^ pc4_addr_cpi:0] 

ffffffff 


0000 

pooo 




ffffffff 



^ m jump_addr_cpi;0] 

ffffffff 


0000 

booo 




ffffffff 




3. ID/EX Register 


Name | 

1 Value 1 

0 ns 1 

10 ns 1 

20 ns 1 

30 ns 1 

40 ns 1 

50 ns 1 

60 ns 1 

70 ns 1 

80 ns 1 

ir fregdst_a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0000 



1 

1 

1 



1 


fregwrite_a 



1 

1 

1 



1 


falusrc_a 



1 

1 

1 



1 


fmemread_a 



1 

1 

1 



1 


T|j fmemwrite_a 



1 

1 

1 



1 


fmemtoreg.a 



1 

1 

1 



1 


fbeq_a 




1 

1 



1 


IIj fbne_a 



1- 

1 

1 



1 


fblz_a 



_ I 

1 

1 



1 


Tjj fbgz.a 



1 

1 

1 



1 


fblez_a 



1 





1 


l§j fbgez_a 

i 


1 

1 

1 i 



1 


fjump_a 



1 

1 

1 



1 


l§j firqp_a 



1 

1 

1 



1 


^ ^ faluop_ap:0] 

I; 

0000 

X 11 

11 X 00 

30 X 

11 

11 

X 

0000 : 

^ fregl_api:0] 

00000000 


30000000 

X ffff 

Tff 0000 

3000 X 

ffff 

Tff 

X 

30000000 

^ freg2_api:0] 

00000000 

i: 

30000000 

X ffff 

Tff X 0000 

3000 X 

ffff 

Tff 

X 

30000000 

^ ^ fpc4_addr_api:0] 

00000000 

1: 

30000000 

X ffff 

Tff 0000 

3000 X 

ffff 

Tff 

X 

30000000 

^ fsign_ext.api:0] 

00000000 

i; 

30000000 

X ffff 

Tff X 0000 

3000 X 

ffffl 

Tff 

X 

30000000 : 

^ ^ fjump_addr_api:0] 

00000000 

s; 

30000000 

X ffff 

Tff X 0000 

3000 X 

ffffl 

fff 

X 

30000000 : 

^ i|j| fwb_reg_addil_a[4:0] 

00000 


00000 

X 11] 

11 X oot 

00 X 

11 

11 

X 

00000 ; 

^ ^ fwb_reg_addr2_a[4:0] 

00000 

t; 

00000 

X 11] 

11 X ooc 

00 X 

11 

11 

X 

00000 

^ ^ fshamt_a[4:0] 

00000 


00000 

X 11] 

n X bw 

00 X 

11 

11 

X 

00000 
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T|j fregdst_b 

0 

1 


^ 

^ 

_1 



^ 


l|j fregwrite_b 

0 



1 

1 

1 



1 


1^ falusrc.b 

0 



1 

1 

1 



1 


T|j fmemread.b 

0 



1 

1 

1 



1 


T|j fmemwrite_b 

0 



; 1 

1 

_1 



1 


l^j fmemtoreg.b 

0 



1 1 

1 

[ 



1 


Ijj fbeq_b 

0 



; 1 

1 

1 



1 


l§j fbne.b 

0 



i 1 

1 

1 



1 


IIj fbiz.b 

0 



; 1 

1 

_1 



1 


l|j fbgz_b 

0 



1 

1 

1 



1 


fblez_b 

0 



1 

1 

1 



1 


l§j fbgez.b 

0 



1. 

■■“'I 

1. 



.. 


Ijj fjump_b 

0 



:1 

1 

1 



1 


l|j firqp_b 

0 



r ■ 

1 

1 



1 


^ ^ faluop_b[ 3 : 0 ] 

0000 


0000 

X_ u 

H_ X_ 00 

DO X 

11 

11 

X 

0000 

^ fregl_bpi:0] 

00000000 


OOOOuOOO 

X ^ 

ffff X 0000 

DOOO X 

ffff 

ffff 

X 

00000000 

^ freg2_bpi:0] 

00000000 


DOOOOOOO 

X ffff 

ffff X 0000 

DOOO X 

ffff 

ffff 


00000000 ; 

^ fpc 4 _addr_bpi: 0 ] 

00000000 


00000000 

X ffff 

ffff X 0000 

DOOO X 

ffff 

ffff 


00000000 ; 

^ ^ fsign_ext_bpi:0] 

00000000 


00000000 

X ^ 

ffff )( 0000 

DOOO )( 

ffff 

ffff 


00000000 

^ ^ fjump_addr_bpi:0] 

00000000 


00000000 

X ^ 

ffff )( 0000 

DOOO )( 

ffff 

ffff 

)( 

00000000 

^ ^ fwb_reg_addrl_bI 4 : 0 ] 

00000 

: n 

00000 

X 11 

Ti )( oo( 

00 X 

111 

TI 


00000 ; 

^ ^ fwb_reg_addr 2 _b[ 4 ; 0 ] 

00000 


00000 

X 11 

.11 X ^ 

00 X 

111 

11 

X 

00000 ; 

^ ^ fshamt_b[ 4 : 0 ] 

00000 


00000 

X IT 

■ 11 oot 

00 X 

111 

11 

X 

00000 ; 

fregdst_c 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0000 



_i 

1 

J 



' 1 


l|j fregwrite_c 



1 

1 

1 



' 1 


14 falusrc.c 



1 

1 

1 



' 1 


T|j fmetnread_c 



1 

-1 

1 



' -1 


fmemwrite_c 



1 

1 

1 



' 1 


l|j fmemtoreg_c 



1 

1 

1 



1_ 


Ijj fbe(i_c 



1 

1 

1 



1 


fbne_c 



1 

1 

1 



1 


l|j fblz_c 



1 

-1 

1 



1 


l|j fbgz.c 



1 

1 

1 



1_ 


T|j fblez.c 



1 

1 

1 



1 


Tjj fbgez.c 



1 

1 

1 



1 


T|j fjump_c 



1 

1 

1 



1_ 


firqp.c 



1 

1 

1 



1 


^ ^ faluop_cp:0] 


0000 

)!: n 

n X ^ 

DO X 

11 

11 


0000 

► ^ fregl.cpi:0] 

00000000 


DOOOOOOO 

)( ffff 

ffff X 0000 

DOOO X 

ffff 

ffff 

X 

DOOOOOOO ; 

^ ^ freg2_cpi:0] 

00000000 


DOOOOOOO 

)( ffff 

fffff X 0000 

juOO X 

ffff 

ffff 


DOOOOOOO 

^ ^gi fpc 4 _addr_cpi; 0 ] 

00000000 


DOOOOOOO 

X. ffff 

ffff X 0000 

DOOO X 

ffff 

ffff 


DOOOOOOO ; 

► ^ fsign_e)ct_cpi:0] 

00000000 









(DOOOOOOO 

1 X ffffffff X 0000 

^000 X 

ffff 



DOOOOOOO 

^ ^ fjump_addr_cpi:0] 

00000000 


DOOOOOOO 

X ^ 

ffff X 0000 

DOOO X 

ffff 

ffff 


DOOOOOOO ; 

^ ^ fwb.reg.addrl_c[ 4 : 0 ] 

00000 


00000 

)( Hj 

,11 X QQf 

00 )( 

11] 

11 


00000 

^ 1 ^ fwb_reg_addr 2 _c[ 4 : 0 ] 

00000 


00000 

)( llj 

.11 X QQf 

00 )( 

11] 

11 


00000 

^ fshamt_c[ 4 : 0 ] 

00000 


00000 

)( 11] 

11 X 00c 

00 X 

11] 

11 


00000 ' 

elk 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0000 

1 

■ 1 

1 

1 

1 

1 

1 

1 

1 

1^ regdst.a 










regwrite_a 










alusrc_a 










1^ tnemread_a 










1^ memwrite.a 










memtoreg_a 










1^ beq_a 










bne_a 










1^ biz.a 










bgz_a 










blez_a 










bgez_a 










1^ jump.a 










irqp_a 










^ ^ aluop_ap:0] 

; 0000 ) 

11 

11 ) 

( 00 

)0 ) 

; 11 

11 ) 

( 00 

DO ; 

^ m regl_api:0] 

00000000 

: 00000000 ) 

: ffff 

ffff ; 

; 0000 

)000 i 

ffff 

ffff ) 

( 0000 

DOOO 

^ W reg2.api:0] 

00000000 

; 00000000 ) 

ffff 

'iff ; 

; 0000 

DOOO 

ffff 

ffff ) 

( 0000 

DOOO ; 

^ ^ pc 4 _addr_api; 0 ] 

00000000 

; 00000000 ) 

ffff 

'iff 

; 0000 

DOOO Ij 

ffff 

ffff ) 

( 0000 

DOOO 

^ ^ sign_ext_api:0] 

00000000 

; 00000000 ) 

ffff 

'iff 

; 0000 

DOOO ) 

ffff 

ffff ) 

( 0000 

DOOO ; 

^ ^ Jump_addr_api: 0 ] 

00000000 

; 00000000 ) 

ffff 

'iff ] 

; 0000 

DOOO 

ffff 

ffff ) 

( 0000 

DOOO 

^ ^ wb_reg_addrl_a[ 4 : 0 ] 

00000 

; 00000 ) 

: 11] 

11 

; 00c 

00 ; 

I 11 

11 ) 

( 00c 

00 : 

^ ^ wb_reg_addr 2 _a[ 4 : 0 ] 

00000 

; 00000 ) 

11] 

11 

; 00c 

00 

( 11 

11 ) 

( 00c 

00 

^ ^ shamt_a[ 4 : 0 ] 

00000 

; 00000 ) 

11] 

11 

( 00c 

00 ; 

( 11 

11 ) 

( 00c 

00 ; 


151 




























































































































































































































































































































k regdst_b 
regwrite_b 
alusrc_b 
memread_b 
memwrite.b 
memtoreg.b 
beq_b 
bne.b 
biz.b 
bgz.b 
blez_b 
bgez.b 
jump_b 
irqp_b 
aluop_b[3:0] 
regl_b[31:0) 
reg2_b[31:0) 
pc4_addr_b[31:0] 
sign_ext_bpi:0] 
jump_addr_bpi;0] 
wb_reg_addrl_b[4:0] 
wb_reg_addr2_b[4:0] 
shamt_b[4:0] 
regdst_c 
regwrite_c 
alusrc.c 
memread_c 
memwrfte_c 
memtoreg_c 
beq_c 
bne.c 
blz_c 
bgz_c 
blez_c 
bgez_c 
jump_c 
irqp.c 
aluop_cp:0] 
regl_cpi:0] 
reg2_cpi:0] 
pc4_addr_cpi:0] 
sign_ext_cpi:0] 
jutnp_addr_cpi:0] 
wb_reg_addrl_c[4;0] 
wb_reg_addr2_c[4:0] 
shatnt.c[4:0] 


0000 

00000000 

00000000 

00000000 

00000000 

00000000 

00000 

00000 

00000 


1111 

ffffffff 

ffffffff 

ffffffff 

ffffffff 

ffffffff 

11111 

mil 

mil 



152 



























































































4 


EX/MEM Register 


Name 

1 Value 1 

0 ns ^ 

10 ns 1 

20 ns 1 

30 ns 1 

40ns 1 

50 ns 1 

60 ns 1 

70 ns 1 

80 ns ^ 

ir fmemread_a 

0 



1 

1 

1 



1 


ftnemwrite_a 

0 



^ 

1 

r . 



. 1 


l§j fmemtoreg_a 

0 



1 

1 

1 



1 


fregwrite_a 

0 



1 

1 

1 



1 


fbeq_a 

0 



1 

1 

1 



1 


l|j fbne_a 

0 



1 

1 

1 



1 


fblz_a 

0 



1 

1 

1 



1 


fbgz.a 

0 



1 

1 

1 



1 


l|j fblez_a 

0 



1 

1 

1 



1 


l§j fbgez_a 

0 



1 

1 

1 



1 


fjump.a 

0 



1 . 

.1 

\~" ■ 



1 


Ife fseq.a 

0 



1 

1 

1 



1 


fsne_a 

0 



1 

1 

1 



1 


fslz_a 

0 



1 

1 

1 



1 


T8j fsgz.a 

0 



1 

1 

1 



1 


Tgj fslez.a 

0 



1 

1 

1 



1 


l|j fsgez.a 

0 



1 

1 

1 



1 


l§j firqp.a 

0 



1 

1 

1 



1 


^ ^ fbr.addr.apirO] 

00000000 


00000000 

X ffff 

m X 0000 

3000 X 

ffff] 

m 

' )( 

00000000 ; 

^ ^ fjuinp_addr_api:0] 

00000000 


00000000 

X ffff 

m X 0000 

3000 X 

ffff 

fff 

')!' 

00000000 ; 

^ falu_result.api:0] 

00000000 


00000000 

X ffff 

fff X 0000 

3000 X 

ffff 

fff 

1—"— 

00000000 

^ ^ fwr_data_api:0] 

00000000 


DOOOOOOO 

X ffff 

Tff X 0000 

booo X 

ffff 

fff 


00000000 

^ ^ fwb_reg_addr_a[4:0] 

00000 


00000 

X Ii: 

11 X 00( 

00 X 

11] 

11 


00000 ; 

ftnetnread_b 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

00000000 



1-^ 

1: 

1 



1: 


l|j fmemwrite_b 



1 

1 

1 



1 


ftnemtoreg_b 



1- 

1 

1 



1 


fregwrite_b 



1- 

1 

1 



1 


fbeq_b 



1- 

1 1 

1 1 

1 

1 

1 


Ijj fbne_b 



1- 







1|} fbiz.b 



1 

1 

1 



1 


3|j fbgz_b 



1- 

1 

1 



1 


fblez.b 



1- 

1 

1 



1 


Tjj fbgez_b 



1- 

1 

n 



1 


T|} fjump_b 



1 

1 

1 



1 


Ijj fseq_b 



1- 

1 

1“ 



1 


IIj fsne.b 



1- 

1 

1 



1 


T|j fsiz.b 



1- 

1 

1 



1 


Ijj fsgz.b 



1 

1 

r - 



■■■■■ 1 


fslez_b 



1- 

1 

1 



1 


l§j fsgez.b 



1- 

1 

1 



1 


Tjj firqp.b 



1 

1 

1 



1 


^ ^ fbr.addr.bpi:0] 


30000000 

X ffff 

fff X 0000 

3000 X 

ffff 

fff 

X 

30000000 

^ fjutnp_addr_bpi:0] 

00000000 


30000000 

X ffff 

=fff X 0000 

3000 X 

ffff 

fff 


DOOOOOOO 

^ ^ falu_result_bpi:0] 

00000000 


30000000 

X ffff 

fff X 0000 

3000 X 

ffff 

fff 

X 

30000000 ; 

p. fwr_data_bpi:0] 

00000000 


DOOOOOOO 

X ffff 

fff X 0000 

pooo X 

ffff 

fff 

X 

DOOOOOOO 

^ ^ fwb_reg_addr_b[4:0] 

00000 


00000 

X 11 

11 X OOC 

00 X 

11] 

11 

X 

00000 

fmemread_c 

0 

! 1 


1 


f 



1 


l§j fmemwrite_c 

0 



1 

1 

1 



1 


fmemtoreg_c 

0 



1 

1 

I 



1 


l|j fregwrite_c 

0 



1 

1 






3§} fbeq_c 

0 



1 

1 

I - 



^ 


fbne_c 

0 



1 

1 

1 



1 


fblz_c 

0 



1 


1 



1 


T§j fbgz.t 

0 

0 



1 

-1 

1. 



1 


T|j fblez_c 



1 

1: 

1 



1 


fbgez_c 

0 



1 

1 

1 



1 


fjump.c 

0 




1 

1 



1 


li fseq_c 

0 

0 



1 

1 

1 



1 


l|j fsne.c 



1.. 

..1 

1 .. 



.. "1 


l|j fsiz.c 

0 



1 

1 

1 



1 


3§j fsgz_c 

0 



1 

- 1 

1 



1 


l|j fslez.c 

0 

0 



1 

^ 

1 



1 


fsgez.c 



1 

1 

1 



1 


3§} firqp.c 

0 



1 

1 

1 



1 


^ fbr_addr_cpi:0] 

00000000 


30000000 

X ffff 

fff X 0000 

3000 X 

ffff 

fff 

X 

DOOOOOOO 

^ ^ fjuinp_addr_cpi:0] 

00000000 


30000000 

- X - fffF 

fff X 0000 

uuOO X 

ffff 

fff 


DOOOOOOO ; 

^ ^ falu_result_cpi:0] 

00000000 


30000000 

X ffff 

fff X 0000 

DOOO X 

ffff 

fff 

X 

DOOOOOOO 

^ ^ fwr_data_cpi:0] 

00000000 


30000000 

X ffff 

ffff X oooopooo X 

ffff 

fff 


DOOOOOOO 

^ ^ fwb_reg_addr_cI4:0] 

00000 


00000 

X ii: 

|TI X oo(|oo X 

111 

11 

X 

00000 ; 


153 













































































































































































































































































































































1^ memread_a 

0 

memwrite_a 

0 

memtoreg.a 

0 

regwrite_a 

0 

beq_a 

0 

bne_a 

0 

1^ blz_a 

0 

lA bgz.a 

0 

blez_a 

0 

bgez_a 

0 

Juinp_a 

0 

1^ seq_a 

0 

sne.a 

0 

slz_a 

0 

lA sgz.a 

0 

slez.a 

0 

sgez_a 

0 

14 irqp.a 

0 

^ ^ br_addr_a[31:0] 

00000000 

^ m jump_addr_a[31:0] 

00000000 

^ ^ alu_result_a[31:0] 

00000000 

^ ^ wr_data_a[31:0] 

00000000 

^ ^ wb_reg_addr_aI4:0] 

00000 

14 memread_b 

0 

14 memwrite_b 

0 

14 memtoreg_b 

0 

14 regwrite_b 

0 

14 

0 

14 bne_b 

0 

14 biz.b 

0 

14 bgz_b 

0 

14 blez_b 

0 

14 bgez_b 

0 

14 Jutnp_b 

0 

14 seq_b 

0 

14 sne_b 

0 

14 

0 

14 ^g^-b 

0 

14 slez_b 

0 

14 sgez_b 

0 

14 'rqP-b 

0 

^ mi br_addr.b[31:0] 

00000000 

^ jump_addr_b[31:0] 

00000000 

^ m alu.result.b[31:0] 

00000000 

^ m wr_data_b[31:0] 

00000000 

^ m wb_reg_addr_b[4:0] 

00000 

14 memread_c 

1 

14 meinwrite_c 

1 

14 memtoreg.c 

1 

14 regwrite_c 

1 

14 beq_c 

1 

14 bne_c 

1 

14 biz.c 

1 

14 bgz.c 

1 

14 blez.c 

1 

14 '»g«-c 

1 

14 Jump_c 

1 

14 seq_c 

1 

14 sne.c 

1 

14 siz.c 

1 

14 sgz.c 

1 

14 slez.c 

1 

14 sgez.c 

1 

14 irqp.c 

1 

^ m br_addr_c[31:0] 

ffffffff 

^ m jump_addr_c[31:0] 

ffffffff 

^ m alu_result_c[31:0] 

ffffffff 

^ m wr_data_c[31:0] 

ffffffff 

^ m wb_reg_addr_c[4:0] 

11111 

14 elk 

1 










































































































































5 , 


MEMAVB Register 


Name 

1 Value 

,.... 

20 ns 1 

30 ns 1 

40 ns 1 

50 ns 1 

60 ns 1 

70 ns 1 

80 ns 1 

ir fmemtoreg_a 

0 


" " 1 

1 " " 

" " 1 



1 "' ‘ 


Ijj fregwrite.a 

0 


1 

1 

1 



1 


^ ^ fwb_reg_addr_a[4:0] 

00000 

0001 

)0 X IT 

11 X oo( 

00 X 

11] 

11 

X 

00000 

^ ^ fread_data_a[31:0] 

00000000 

ooooc 

000 —X ffff 

fff X 0000 

)ooo X 

ffff 

=fff 

X 

30000000 

^ falu_result_aPl:0] 

00000000 

ooooc 

000 y ffff 

fff X 0000 

m X 

ffff 

=fff 

X 

30000000 

Ijj fmemtoreg.b 

0 


J 

1 

1 



1 


Ijj fregwrite_b 

0 


1 

1 

1 



1 


> ^ fwb_reg_addr_b[4:0] 

00000 

0001 

)o X 11 ] 

11 X oo( 

00 X 

11] 

11 

X 

00000 

> fread_data_bpi:0] 

00000000 

ooooc 

000 X fff^ 

fff X 0000 

)000 X 

ffff 

=fff 

X 

30000000 

^ falu_result_bpi:0] 

00000000 

ooooc 

000 X ffff 

fff X 0000 

m X 

ffff 

=fff 

X 

30000000 

Ijj fmemtoreg_c 

0 


J 

n 

1 



1 , 


Ijj fregwrite_c 

0 


1 1 

1 

1 



1 


1^ ^ fwb_reg_addr_c[4:0] 

00000 

0001 

)o X 11 ] 

11 X oo( 

00 X 

11] 

11 

X 

00000 

1^ ^ fread_data_cpi:0] 

00000000 

ooooc 

000 X ffff 

fff X 0000 

)ooo X 

ffff 

Tff 

X 

30000000 

1^ ^ falu_result_cpi:0] 

00000000 

ooooc 

000 X ffff 

fff X 0000 

)ooo X 

ffff 

=fff 

X : 

30000000 

1^ elk 

1 

1 

1 

1 

^ 

1 

1 

_ 

1 

1^ memtoreg_a 

0 









1^ regwrite_a 

0 









^ m read_data_api:0] 

00000000 


ffffffff ) 

( 0000 

DOOO 3 

(- m 

fff 3 

0000 

3000 

^ m alu_result_aPl:0] 

00000000 


ffffffff ) 

( 0000 

DOOO 3 

i ffff 

fff 3 

3 0000 

3000 

^ ^ wb_reg_addr_a[4:0] 

00000 


mil ) 

( 00( 

100 3 

J II: 

11 3 

: 00( 

100 

1^ memtoreg.b 

0 









1^ regwrite_b 

0 









^ m read_data_bpi:0] 

00000000 

OC'OOO^.. ) 


ffff 

ffff 



00000000 


^ m alu_result_bpi:0] 

00000000 

OUOOO^.. ) 

( 

ffff 

Ffff 



00000000 


^ m wb_reg_addr_b[4:0] 

00000 

00000 ) 


li: 

.11 



00000 


regwrite_c 

1 









^ m read_data_cpi:0] 

ffffffff 


00000000 


( 


ffffffff 



^ m alu_result_cpi:0] 

ffffffff 


00000000 


( 


ffffffff 



^ m wb_reg_addr_c[4:0] 

mil 


00000 


( 


mil 



1|^ memtoreg_c 

1 










B. PC SELECTOR MODULE 


Name I 

1 Value 1 

Ons 1 

. 

. 

6 ns 1 

8 ns 1 

10 ns 1 

12ris 

14 ns 1 

16 ns 

▼ PC Selector Module 

▼ ^1 Inputs 

brJump sel a 

0 










irq_a 

0 










^ ^ brjump_addr_a[3 

00000000 





00000000 





^ i|f pc4 addr aPl:01 

4 

' 4 3 

t 8 3 

[ 12 3 

: 16 3 

: 20 3 

[ 24 3 

: 28 3 

: 32 3 


▼ Outputs 

ack a 

0 










H irqp_a 

0 










► ^ npc_api:0] 

4 

; 4 3 

' 8 3 

[ 12 3 

[ 16 3 

; 20 3 

( 24 3 

' 28 3 

: 32 3 

; 




Name 

1 Value 

16 ns 1 

18 ns 1 

20 ns 1 

22ris 1 

24rrs ^ 

26ris 1 

28ris 1 

30ris 1 

32ris 

▼ PC Selector Module 

▼ Inputs 

brJump sel a 

0 










14 'f<La 

0 










^ ^ brJump_addr_a[Z 

00000000 





00000000 





^ ijlf pc4 addr aPl:01 

4 

! 36 3 

J 40 ) 

: 44 3 

: 48 3 

! 52 3 

[ 56 

[ 60 3 

: 64 3 

( 

▼ Outputs 

ack a 

0 










irqp.a 

0 










^ ^ npc_api:0] 

4 

! 36 ) 

( 40 i 

[ 44 3 

: 48 3 

! 52 3 

: 56 

[ 60 3 

: 64 3 

; 

Name 11 Value 

32ris 

34ns 1 

36ns 1 

38ris 1 

40 ns 1 

42ns 

44ns 1 

46 ns 1 

48 ns 

▼ PC Selector Module 

▼ ^ Inputs 

brJump sel a 

0 










irq_a 

0 










^ ^ brjump_addr_a[5 

00000000 





00000000 





^ ij|f pc4 addr aPl:01 

4 

' 68 3 

t 72 3 

; 76 3 

: 80 3 

: 84 3 

[ 88 3 

[ 92 3 

: 96 3 

( 

▼ ^ Outputs 
ack a 

0 










H ifqP.a 

0 










► ^ npc_api:0] 

4 

: 68 3 

t 72 3 

[ 76 3 

: 80 3 

; 84 3 

( 88 3 

' 92 3 

[ 96 3 



155 


















































































































































































Name 

1 Value 

48 ns 1 

50 ns 1 

52ns 1 

54 ns 1 

56 ns 1 

58ns 1 

60 ns 1 

62ns 1 

64 ns 

▼ PC Selector Module 

▼ Inputs 

0 










14 brJump_sel_a 



14 irq_a 

0 










^ ^ brJump_addr.a[3 

00000000 

ooooc 

000 ) 

; 00000088 ) 


00000064 


; 000000b4 3 

^ 001 

100090 

^ i||f pc4 addr a|31:01 

4 

0 

100 ) 

; 104 ) 

: 108 ) 

; 140 3 

[ 144 3 

: 148 3 

[ 152 3 

' 184 3 


▼ Outputs 

14 ack_a 










irqp.a 

0 










^ ^ npc_a[31:0] 

4 

100 ) 

; 104 ) 

: 136 ) 

; 140 3 

[ 144 

: 148 3 

; 180 3 

[ 184 3 

' 

Name 

1 Value 

64 ns 1 

66 ns 1 

68 ns ^ 

70 ns 1 

72 ns 1 

74 ns 1 

76 ns 1 

78 ns 1 

80 ns 

▼ PC Selector Module 

T Inputs 

0 










br jump sel a 



ircLa 

0 










► ^ brJump_addr_a[H 

00000000 

OOOOC 

090 ) 

J OOOOOOeO ) 


OOOOOObc 


: 0000010c ) 

[ 00( 

lOOOeS 

^ ^ pc4 addr aI31:0] 

4 

188 ^ 

; 192 ) 

' 196 ) 

: 228 3 

: 232 3 

; 236 3 

; 240 ) 

: 272 3 


W ]V| Outputs 
ack a 

0 










irqp.a 

0 










^ npc_a[31:0] 

4 

( 188 ) 

; 192 ) 

! 224 ) 

: 228 3 

: 232 3 

; 236 3 

: 268 ) 

! 272 ) 

; 



80 ns ^ 

82 ns 1 

84 ns 1 

86 ns 1 

88 ns 1 

90 ns 1 

92 ns 1 

94 ns 1 

96 ns 

Name 

1 Value 1 

▼ ^ PC Selector Module 
▼ ^i' Inputs 

0 










br jump sel a 



irq_a 

0 










► ^ br Jump_addr_a[H 

00000000 

OOOOC 

0e8 ) 

: 00000138 ) 


00000114 


; 00000164 3 

^ 001 

100140 

^ ^ pc4 addr a[31:0] 

4 

0 

276 ) 

; 280 ) 

: 284 ) 

; 316 3 

; 320 

; 324 3 

; 328 3 

[ 360 3 

; 

▼ ^i' Outputs 
ack a 










14 irqp.a 

0 










► ^ npc.api:0] 

4 

276 ) 

; 280 ) 

: 312 ) 

; 316 3 

^ 320 

: 324 3 

; 356 3 

^ 360 3 

; 

Name 

1 Value 

96 ns 1 

98 ns 1 

100 ns 1 

102 ns 1 

104 ns 1 

106 ns 1 

108 ns 1 

110 ns 1 

ipns 

▼ PC Selector Module 

▼ Inputs 

14 brJump_sel_a 

0 









— 

14 ifP-a 

0 








► brjump.addr.ap 

00000000 




00000140 




; oo( 

lOOOOO 

pc4 addr aPlrOI 

4 

364 ) 

368 ) 

J 372 ) 

; 376 3 

: 380 3 

[ 384 3 

( 388 ) 

[ 392 

; 

▼ Outputs 

14 ack a 

0 










14 irqp.a 

0 










^ ^ npc.api:0] 

4 

; 364 ) 

; 368 ) 

J 372 ) 

; 376 3 

: 380 3 

; 384 3 

: 388 ) 

; 0 

' 

Name 11 Value I 

ip ns , 

114 ns 1 

116 ns 

118 ns 1 

120 ns 

l^ns 1 

124 ns 1 

1^ ns 

la ns 

T PC Selector Module 

▼ ]l|’ Inputs 

14 brJump_sel_a 

0 










14 irq.a 

0 










► ^ brJump.addr.ap 

00000000 





00000000 





^ pc4 addr api;01 

4 

: 4 ] 

; 8 ] 

[ 12 3 

t 16 : 

[ 20 3 

: 24 3 

: 28 3 

[ 32 3 

( 

▼ ]||' Outputs 

14 ack a 

0 










14 irqp.a 

0 










► *13 npc.api:0] 

4 

; 4 ) 

[ 8 ) 

: 12 3 

; 16 3 

; 20 3 

: 24 3 

: 28 3 

; 32 3 

{ 



128 ns 1 

130 ns 1 

132 ns 1 

134ns 1 

136 ns 1 

l^ns 1 

140 ns 1 

142 ns 1 

144 ns 

Name I 

Value 

▼ % PC Selector Module 
▼ Inputs 

14 br jump sel_a 

0 










14 irq-a 

0 










► *0 brJump.addr.ap 

00000000 





00000000 





^ 10 pc4 addr apirO] 

4 

0 

: 36 ; 

[ 40 ) 

[ 44 3 

: 48 3 

( 52 ) 

: 56 ) 

: 60 3 

: 64 3 

( 

T 1||' Outputs 

14 ack a 










14 irqp.a 

0 










► *0 npc.api;0] 

4 

: 36 ; 

; 40 ) 

; 44 3 

[ 48 3 

( 52 ) 

: — 56 — ) 

: 60 3 

: 64 3 



156 















































































































































Name I 

Value 1 

144ns 1 

146 ns 1 

148 ns 1 

150 ns 1 

152 ns 1 

154 ns 1 

156 ns 1 

158 ns 1 

160 ns 

▼ m PC Selertor Module 
▼ Si' Inputs 

brJump sel a 

0 










Ijl irq_a 

0 










► ^ brjump_addr_a[5 

00000000 





00000000 





^ pc4 addr a[31;0] 

4 

: 68 ; 

[ 72 ) 

[ 76 ] 

[ 80 5 

: 84 ] 

: 88 ) 

[ 92 3 

[ 96 ) 


▼ ]1|' Outputs 
ack a 

0 










irqp_a 

0 










^ ^ npc_api:0] 

4 

: 68 ^ 

' 72 ) 

' 76 ) 

[ 80 ) 

: 84 ^ 

: 88 3 

; 92 3 

; 96 3 





Name 

1 Value 

1 160 ns 1 

162ns 1 

164ns 1 

166 ns 1 

168 ns 1 

170 ns 1 

172ns 1 

174 ns 1 

l^ ns 

▼ 111' PC Selector Module 
▼ Inputs 

0 










14 brJump_sel_a 



14 irq_a 

0 










^ ^ brJump_addr.a[H 

00000000 

ooooc 

000 ) 

[ 00000088 ) 


00000064 


{ 00000064 ) 

; 00( 

00090 

^ pc4 addr a31:01 

4 

100 ) 

; 104 ) 

' 108 ) 

[ 140 ) 

: 144 ) 

! 148 ) 

^ 152 ) 

: 184 3 

' 

▼ Outputs 

14 ack a 

0 










14 'fQP_a 

0 










^ ^ npc_a[31:0] 

4 

100 ) 

104 ) 

( 136 ) 

: 140 ) 

: 144 ) 

; 148 ) 

( 180 ) 

; 184 3 

; 

Name 11 Value I 

176 ns 1 

178 ns 1 

180 ns 1 

182ns 1 

184ns 1 

186 ns 1 

IMns 1 

190 ns 1 

192ns 

▼ Tfc’ PC Selector Module 
▼ Inputs 

0 










14 brJump_sel_a 



14 

0 










^ ^ brJump_addr_a[H 

00000000 

OOOOC 

090 ) 

; OOOOOOeO ] 


OOOOOObc 


; 0000010c 3 

; 00( 

OOOe8 

^ pc4 addr a31:01 

4 

188 ) 

; 192 ) 

: 196 ) 

; 228 ) 

[ 232 ) 

: 236 3 

[ 240 3 

; 272 3 

; 

▼ Outputs 

14 ack a 

0 










14 irqp.a 

0 










^ npc_a[31:0] 

4 

188 ) 

( 192 ) 

; 224 ) 

[ 228 

: 232 ^ 

: 236 3 

; 268 3 

; 272 3 

; 

Name 11 Value I 

1192 ns 1 

194 ns 1 

196 ns 1 

198 ns 1 

200 ns 1 

202 ns 1 

204 ns 1 

206 ns 1 

208 ns 

▼ Ifc PC Selector Module 
▼ Inputs 

0 










14 br jump sel a 



14 irq_a 

0 










► *1! brJump_addr_a[5 

00000000 

OOOOC 

0e8 ) 

; 00000138 ) 


00000114 


; 00000164 3 

[ 00( 

00140 

^ ^ pc4 addr a[31:0] 

4 

276 ) 

' 280 ; 

; 284 ) 

; 316 

: 320 ^ 

: 324 3 

; 328 3 

; 360 3 


▼ ]|l‘ Outputs 

14 ack a 

0 










14 <rqp_a 

0 










► ■(! npc_a[31:0] 

4 

276 ) 

' 280 ) 

; 312 ) 

; 316 

' 320 ) 

^ 324 3 

; 356 3 

; 360 3 


Name 

1 Value 

208 ns 1 

210 ns 1 

2nns 1 

214 ns 1 

216 ns 1 

218 ns 1 

220 ns 1 

2^ns 1 

224 ns 

▼ PC Selector Module 

▼ ]ll Inputs 

14 brJump sel a 

0 









— 

14 irq_a 

0 








^ brJump_addr.a[3 

00000000 




00000140 




[ 00( 

00000 

^ l||f pc4 addr a|31:01 

4 

0 

364 ) 

; 368 ) 

: 372 ) 

; 376 ) 

[ 380 

: 384 3 

[ 388 3 

' 392 

; 

▼ ^ Outputs 

14 ack a 










14 irqp.a 

0 










► ^ npc_api:0] 

4 

364 ) 

: 368 ) 

: 372 ) 

; 376 ) 

; 380 

: 384 3 

; 388 3 

' 0 

' 



224ns 1 

2% ns 1 

228 ns 1 

230 ns 1 

232 ns 1 

234 ns 1 

236 ns 1 

238 ns 1 

240 ns 

Name 

1 Value 

▼ I* PC Selector Module 
▼ ^l' Inputs 

14 br jump sel a 

0 










14 irq_a 

0 










► ^ brJump_addr_a[- 

00000000 





00000000 





^ ^ pc4 addr api:0] 

4 

0 

[ 4 ) 

: 8 ^ 

: 12 5 

; 16 ) 

[ 20 ; 

: 24 3 

: 28 3 

' 32 3 

; 

▼ ^i' Outputs 

14 ack a 










14 irqp.a 

0 










► ^ npc_api:0] 

4 

: 4 ) 

; 8 ) 

: 12 ) 

; 16 ) 

' 20 ; 

: 24 3 

; 28 3 

' 32 3 



157 



















































































































































Name I 

1 Value 1 

240 ns 1 

242 ns 1 

244 ns 1 

246 ns 1 

248 ns 1 

250 ns 1 

252 ns 1 

254ns 1 

256 ns 

▼ m PC Selertor Module 
▼ Si' Inputs 

brJump sel a 

0 










Ijl irq_a 

0 










► ^ brjump_addr_a[- 

00000000 





00000000 





^ HU pc4 addr a[31:0] 

4 

[ 36 ) 

[ 40 ) 

[ 44 ] 

[ 48 5 

: 52 3 

: 56 ) 

: 60 3 

[ 64 3 

( 

▼ ]1|' Outputs 
ack.a 

0 










irqp_a 

0 










^ ^ npc_api:0] 

4 

( 36 ) 

[ 40 ) 

[ 44 ) 

[ 48 ) 

: 52 ^ 

: 56 3 

; 60 3 

; 64 3 

; 




Name 

1 Value 

■ 1 . ■ ■ . 

. 

|260 ns 1 1 

|262ns 1 

|264ns 1 

|266ns 1 1 

|2Mns 1 I 

|270 ns 1 1 

|2^ ns 


▼ ^ PC Selector Module 
▼ ]ll' Inputs 


14 brJump_sel_a 

0 

irq_a 

0 

► ®IS brJump_addr_a[H 

00000000 

^ "ill pc4.addr.a[31:0] 

4 

T ^1 Outputs 


ack.a 

0 

irqp.a 

0 

► ^ npc_aI31:0] 

4 


1 Name I 

1 Value 


272 ns 1 

274 ns 1 

2re ns , 

278 ns 1 

2M ns 1 

282ns 1 

284 ns 1 

2^ns 1 

2^ ns 

▼ PC Selector Module 

▼ Inputs 

0 











14 brJump.sel.a 



14 irq_a 

0 










^ ^ brJump.addr_a[3 

00000000 

OOOOC 

000 3 

: 00000088 3 


00000064 


; 000000b4 3 

[ 001 

100090 

^ pc4_addr_a[31:0] 

4 

0 

100 3 

; 104 3 

: 108 3 

[ 140 3 

[ 144 3 

: 148 3 

; 152 3 

' 184 3 


▼ ]li’ Outputs 
ack.a 










irqp.a 

0 










^ ^ npc.api:0] 

4 

100 3 

; 104 ) 

: 136 3 

; 140 3 

[ 144 

: 148 3 

; 180 3 

[ 184 3 



Name I 

1 Value 1 

288 ns 1 

290 ns 1 

292 ns 1 

294ns 1 

296 ns 1 

298ns 1 

300 ns 1 

302ns 1 

304ns 

T PC Selector Module 

▼ Inputs 

0 










H br Jump.sel.a 



1ft irq.a 

0 










► ^ brJump.addr_a[5 

00000000 

OOOOC 

090 3 

[ OOOOOOeO 3 


OOOOOObc 


; 0000010c 3 

; 00( 

iQOOeO 

^ pc4 addr api:0] 

4 

[; 188 ;) 

; 192 3 

: 196 3 

; 228 3 

: 232 3 

: 236 3 

; 240 3 

; 272 3 

; 

T )||' Outputs 

1ft ack a 

0 










1ft irqp.a 

0 










► "IS npc.apirO] 

4 

188 3 

k 192 3 

; 224 3 

; 228 

: 232 3 

; 236 3 

; 268 3 

; 272 3 

; 




Name 

1 Value 1 

304ns 1 

306 ns 1 

308 ns 1 

310 ns 1 

312 ns 1 

314 ns 1 

316 ns 1 

318 ns 1 

320 ns 

▼ )1 PC Selector Module 
▼ Inputs 

0 










1ft br jump sel a 



1ft irq-a 

0 










► ^ brJump.addr.ap 

00000000 

OOOOC 

0e8 3 

: 00000138 3 


00000114 


; 00000164 3 

: 001 

)0afb8 

i||| pc4 addr api:01 

4 

0 

276 ) 

; 280 3 

: 284 3 

[ 316 3 

; 44984 

: 44988 3 

; 44992 3 

J 44996 ) 

; 4 

▼ Outputs 










1ft ack.a 


1ft irqp.a 

0 










^ ^ npc.api:0] 

4 

276 3 

; 280 ) 

; 312 3 

[ 44980 3 

; 44984 

[ 44988 3 

; 44992 3 

J 44996 ) 

[ 

Name 11 Value I 

320 ns 1 

322 ns 1 

324 ns 1 

326 ns 1 

328 ns 1 

330 ns 1 

332 ns 1 

334 ns 1 

336 ns 

▼ % ; PC Selector Module 

0 










▼ ^ Inputs 

1ft br jump sel a 

1ft jrq.a 

0 









► brjump.addr.ap 

OOOOafbS 




OOOOc 

fb8 




^ ^ pc4 addr api:0] 

OOOOOIBO 

0000afc8 3 

; 00000168 3 

[ 0000016c 3 

[ 00000170 3 

: 00000174 3 

: 00000178 3 

[ 0000017c 3 

[ 00000180 : 

T ^j' Outputs 

1ft ack a 

0 









1ft irqp.a 

0 









^ ^ npc.apirO] 

00000180 

00000164 3 

; 00000168 3 

; 0000016c 3 

; 00000170 3 

; 00000174 3 

: 00000178 3 

; 0000017c 3 

; 00000180 : 


158 




























































































































































c 


PC REGISTER 



Name I 

1 Value 1 

16 ns 1 

18 ns 1 

20ris 1 

22ns 1 

24ris 1 

26 ns 1 

28ris 1 

30ns 1 

32r^ 

▼ ^ PC Register 

■ 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Si Inputs 

irqp.a 










p. ^ pc.apiiO] 

: 36 ) 

: 40 

: 44 ] 

: 48 ) 

: 52 ) 

; 56 ^ 

[ 60 ; 

[ 64 ) 

; 

▼ S’ Outputs 

14 tirqp.a 










► *11 npc_a[31:0] 

: 32 ) 

; 36 

: 40 ) 

: 44 ) 

; 48 ) 

[ 52 ) 

' 56 ) 

; 60 ) 




132 ns 


34 ns 


36 ns 


38 ns 


40 ns 


42 ns 


44 ns 


46 ns 


48 ns 


68 


72 


76 


84 


92 


96 


64 


68 


72 


76 


92 



50 ns 


52 ns 


54 ns 


56 ns 


58 ns 


60 ns 


62 ns 


64 ns 


ns 


100 


104 


136 


140 


148 


180 


184 


144 


96 


100 


104 


136 


140 


144 


148 



54 ns 


66 ns 


68 ns 


70 ns 


72 ns 


74 ns 


76 ns 


78 ns 


80 ns 


192 


224 


232 


236 


272 


184 


192 


224 


228 


232 


236 



82 ns 


84 ns 


86 ns 


90 ns 


92 ns 


94 ns 


96 ns 


276 


312 


316 


320 


324 


356 


360 


272 


276 


312 


316 


320 


324 


356 



98 ns 


100 ns 


102 ns 


104 ns 


106 ns 


108 ns 


110 ns 


112 ns 


ns 


364 


372 


376 


0 


360 


364 


368 


372 


376 


380 


384 


159 



































































































































































































































1 Name I 


ipns 

114 ns 1 

116 ns 

118 ns 

l^ ns ,!, 

l^ ns 1 

124ns 1 

l^ ns 

l^ ns 

▼ ^ PC Register 

■ 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

irqp_a 










^ ^ pc.apirO] 

▼ Outputs 

firqp.a 


[ 8 ] 

: 12 3 

[ 16 3 

: 20 3 

: 24 3 

: 28 3 

: 32 3 











^ ijj npc_api:0] 

: 0 ) 

[ 4 ) 

' 8 3 

; 12 3 

[ 16 3 

; 20 3 

; 24 3 

[ 28 3 



1 Name | 

1 Value I 

128 ns 1 

130 ns 1 

132 ns 1 

134 ns 1 

136 ns 1 

138 ns 1 

140 ns 1 

142 ns 1 

144 ns 

▼ ^ PC Register 

■ 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ ^ Inputs 

irqp.a 










^ ^ pe.api:0] 

' 36 3 

; 40 3 

' 44 3 

; 48 3 

: 52 3 

; 56 3 

( 60 3 

: 64 3 

; 

▼ Outputs 

firqp_a 










^ ^ npe_api:0] 

' 32 3 

[ 36 3 

f 40 3 

[ 44 3 

: 48 3 

: 52 3 

[ 56 3 

: 60 3 

; 


Name I 

1 Value 1 

144 ns , 

l-%ns , 

148 ns , 

IM ns 1 

152ns 1 

154ns 1 

IKns 1 

IM ns 1 

160 ns 

T Ifc' PC Register 

i 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ ]ll' Inputs 

irqp.a 










^ ^ pe.apirO] 

( 68 3 

' 72 3 

: 76 3 

; 80 3 

: 84 3 

: 88 3 

: 92 3 

; 96 3 


▼ ]|l‘ Outputs 

firqp.a 










^ ^ npe_api:0] 

( 64 3 

[ 68 3 

t 72 3 

[ 76 3 

: 80 3 

: 84 3 

: 88 3 

[ 92 3 

( 



160 ns 


162 ns 


164 ns 


166 ns 


168 ns 


170 ns 


172 ns 


174 ns 


176 ns 


100 


104 


136 


140 


144 


148 


180 


96 


100 


104 


136 


140 


144 


148 



1176 ns 


178 ns 


180 ns 


182 ns 


184 ns 


188 ns 


190 ns 


192 ns 


192 


224 


232 


236 


268 


272 


192 


224 


232 


236 


268 


1 Name I 


192ns 

194ns 

196 ns 

198 ns 

2M ns 

202 ns 

204 ns , 

206 ns 

208 ns 

▼ ^ PC Register 
' 14 elk 

■ 










1 

1 

1 

1 

1 

1 

1 

1 


▼ ^1 Inputs 

irqp.a 










► •S PC_api:0] 

▼ ^i’ Outputs 

firqp.a 

[ 276 3 

: 280 3 

: 312 3 

[ 316 3 

: 320 3 

: 324 3 

: 356 3 

' 360 











^ ^ npe_api:0] 

; 272 3 

: 276 3 

: 280 3 

[ 312 3 

[ 316 3 

: 320 3 

: 324 3 

[ 356 



1 Name I 


|208 ns 1 

210 ns 1 

212 ns 1 

214 ns 1 

216 ns 1 

218 ns 1 

220 ns 1 

222ns 1 

224 ns 

▼ ^ PC Register 

■ 

1 









elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ ^i' Inputs 

irqp.a 










► ^ pc.api:0] 

▼ Outputs 

firqp.a 

( 364 3 

; 368 3 

' 372 3 

[ 376 3 

: 380 3 

[ 384 3 

: 388 3 

[ 0 











► ^ npe.apirO] 

( 360 3 

; 364 3 

; 368 3 

; 372 3 

: 376 3 

; 380 3 

: 384 3 

; 388 

; 


160 




































































































































































































































1 Name I 


224 ns , 

2^ ns , 

2^ ns 1 

2M ns 1 

232ns 1 , 

2M ns 1 

2^ns 

2^ns 1 

2^ ns 

▼ ^ PC Register 

■ 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

irqp_a 










^ ^ pc.apirO] 

▼ Outputs 

firqp.a 

^ 4 ) 

! 8 ) 

[ 12 3 

[ 16 3 

: 20 3 

; 24 3 

( 28 3 

[ 32 3 

; 










^ ijj npc_api:0] 

[ 0 ) 

[ 4 ) 

' 8 3 

; 12 3 

[ 16 3 

; 20 3 

' 24 3 

[ 28 3 



1 Name | 


240 ns 1 

242 ns 1 

244 ns 1 

246 ns 1 

248 ns 1 

250 ns 1 

252ns 1 

254ns 1 

256 ns 

▼ ^ PC Register 

■ 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ ^ Inputs 

irqp.a 










^ ^ pe.api:0] 

' 36 3 

; 40 3 

' 44 3 

; 48 3 

: 52 3 

; 56 3 

[ 60 3 

; 64 3 

; 

▼ Outputs 

firqp_a 










^ ^ npe_api:0] 

: 32 3 

[ 36 3 

f 40 3 

[ 44 3 

: 48 3 

[ 52 3 

[ 56 3 

[ 60 

; 


1 Name I 

1 Value 1 

2ans 1 

2M ns , 

2Mns , 

262ns 1 

264 ns 1 

2M ns 1 

268 ns 1 

270 ns 1 

2^ ns 

▼ Til" PC Register 

■ 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

irqp.a 










^ ^ pe.apirO] 

▼ Outputs 

firqp.a 

: 68 3 

; 72 3 

[ 76 3 

; 80 3 

: 84 3 

; 88 3 

[ 92 3 

[ 96 











► ^ npe_api:0] 

[ 64 3 

; 68 3 

' 72 3 

; 76 3 

: 80 3 

; 84 3 

( 88 3 

; 92 




272 ns 


274 ns 


276 ns 


278 ns 


280 ns 


282 ns 


284 ns 


286 ns 


100 


104 


136 


140 


144 


148 


180 


96 


100 


104 


136 


140 


148 


144 


1 Name I 


|288 ns 1 

2Mns 1 

292ns 1 

294 ns 1 

296ns 1 ^ 

298 ns 1 

300 ns 1 

302 ns 1 

304 ns 

▼ Til' PC Register 

elk 

■ 

1 









, 1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

irqp.a 










^ ^ pe.apirO] 

▼ T^ Outputs 

firqp.a 

188 3 

192 3 

^ 224 3 

[ 228 3 

: 232 3 

; 236 3 

268 3 

; 272 

; 










► ^ npe.api:0] 

( 184 3 

; 188 3 

^ 192 3 

; 224 3 

: 228 3 

; 232 3 

( 236 3 

; 268 

; 



1304 ns 


306 ns 


308 ns 


310 ns 


312 ns 


314 ns 


316 ns 


318 ns 


320 ns 


276 


280 


312 


44980 


44988 


44992 


44996 


272 


276 


280 


312 


44980 


44984 


44992 


4 


Name I 

1 Value 1 

320 ns 1 

322 ns 1 

324 ns 1 

326 ns 1 

328 ns 1 

330 ns 1 

332 ns 1 

334 ns 1 

336 ns 

▼ PC Register 

i 










elk 

1 

1 

1 

1 

1 

1 

1 

1 

▼ Inputs 

irqp.a 









^ pe.api:0] 

: 356 3 

[ 360 3 

: 364 3 

: 368 3 

: 372 3 

[ 376 3 

' 380 3 

[ 384 3 

T ^j" Outputs 

14 fifqP.a 









► ^ npe.apirO] 

( 44996 3 

[ 356 

: 360 3 

: 364 3 

: 368 3 

( 372 3 

[ 376 3 

: 380 3 


161 








































































































































































































































D. IF STAGE 


1 Name I 

1 Value 1 

0 ns 1 

, 1 , , , , 

, 1, ,., 

6 ns 1 

6 ns 1 

io ns 1 

12ns 1 

14 ns 1 

ions 

▼ IF Stage 

▼ ?ll' Inputs 

irqp.a 

0 










^ 9 ^ pc.a[31:0] 

0 

0 ) 

) 

( 8 ) 

12 ) 

16 ) 

20 ) 

[ 24 

' 28 

( 32 

▼ Outputs 

14 Fii’qP.a 

0 










^ ^ fjump_addr_a^l 

00040028 

00040028 ) 

OOObffcO ) 

( 0000 

DOOO ) 

00886090 

: 00888094 : 

; 0088a09c ) 

0088C098 

1; OOlcOO 

^ ^ instruction_a[31: 

2001000a 

2001000a ) 

2002fff0 ) 

; 0000 

DOOO ) 

00221824 : 

; 00222025 ^ 

f 00222827 ) 

00223026 

( 200700( 

^ ijf pc4_addr_a[31;0] 

4 

^ ) 

; 8 ) 

; 12 ) 

; 16 ) 

20 : 

: 24 ^ 

; 28 ) 

32 ) 

1; 36 


1 Name I 

1 Value 


1'?'?^, , , , , , , 


20 ns 1 

, 1 , , . , 

24ns 1 

26 ns 1 

2 b ns 1 

jO ns 1 

32 ns 

▼ )ii IF Stage 
▼ ^l' Inputs 

irqp.a 

0 











^ ^ pc.a[31:0] 

0 


( 32 ) 

( 36 ;i 

; 40 ) 

44 

48 ) 

; 52 ) 

56 

; 60 ) 

64 

▼ Outputs 

firqp.a 

0 











^ *1^ fjump_addr_api 

00040028 


( OOlcOO 18 ) 

; ooido 2 oo ;:i 

0020e408 ) 

; OOldOOlO ) 

0020e018 ) 

; 00892080 ) 

00894088 

; oi2ffffc ) 

:;oi3ooc 

^ instruction_api: 

2001000a 


( 20070006 ) 

00074080 ) 

00083902 ) 

; 00074004 ) 

00083806 ) 

; 00224820 ) 

00225022 

; 304bffff ) 

; 344cOC 

► *0 pc4_addr_api:0] 

4 


( 36 ) 

; 40 

44 

; 48 

52 ) 

; 56 ) 

60 ) 

( 64 ] 

: 68 


1 Name I 

1 Value 


32 ns 1 

34 ns 1 

36 ns 1 

38 ns 1 

-lO ns 1 

42 ns 1 

44 ns 1 

46 ns 1 

48 ns 

▼ IF Stage 

T ^ Inputs 

irqp.a 

0 

0 

0 

00040028 

2001000a 

4 











^ pc.apirO] 

( 64 

: 68 

[ 72 ] 

[ 76 3 

: 80 3 

: 84 ) 

' 88 ) 

: 92 3 

: 96 

▼ Outputs 

firqp.a 










► fjump.addr.api 

01300000 J 

; 04a9a0a8 ) 

: 052Sc0a8 J 

[ 04bc0010 } 

[ 05400010 J 

: 00440000 } 

: 002C0010 3 

; 00000028 3 

[00000 

^ ^ Instruction.api: 

344C0000 ] 

; 012a682a ) 

: 0149702a ] 

: 292fD004 } 

: 29500004 3 

: 8C110000 ) 

J ac0b0004 3 

; 1000000a 3 

[00000 

^ pc4_addr_api:0] 

68 ) 

: 72 i 

: 76 ^ 

: 80 ) 

: 84 5 

; 88 } 

: 92 3 

: 96 3 

[ 10( 


1 Name I 

1 Value 


ns 1 

50 ns 1 

52 ns 1 

54 ns 1 

56 ns 1 

5b ns 1 

60 ns 1 

, 1 ,,,, 

64 ns 

▼ IF Stage 

▼ ]4. Inputs 

irqp a 

0 























41 pc_api:0] 

0 


96 ) 

; 100 3 

( 104 3 

; 136 3 

; 140 ) 

; 144 3 

; 148 3 

; 180 3 

: 184 

▼ ]4' Outputs 

H firqp.a 

0 











^ 49 fjump.addr.api 

00040028 



00000000 


:[ 00880028 3 


00000000 


[ 08800028 3 

; 00000c 

^ 49 instruction.api: 

2001000a 



00000000 


; 1422000a 3 


00000000 


la 20000a 3 

; 00000c 

^ 49 pc4.addr.api:0] 

4 

1 100 :) 

; 104 3 

( 108 3 

140 3 

[ 144 ) 

148 3 

; 152 3 

[ 184 3 

; 188 


1 Name I 

1 Value 


64 ns 1 

66 ns 1 

, 1 , , , , 

, 1,,,, 

72 ns 1 

, 1,,,, 

76 ns 1 

73 ns 1 

80 ns 

▼ IF Stage 

▼ Inputs 

irqp.a 

0 










^ 4|| pc.api:0] 

0 

( 184 3 

i 188 3 

[ 192 3I 

; 224 3 

; 228 3 

( 232 3 

( 236 3 

; 268 3 

272 

▼ Outputs 

H firqp.a 

0 










^ 49 fjump.addr.api 

00040028 


00000000 


[ 02800028 3 


00000000 


[ 01040028 

:[ 000000 

^ 49 instruction.api: 

2001000a 


00000000 


; 04a0000a 3 


00000000 


0441000a 

; 000000 

^ 49 pc4.addr.api:0] 

4 

( 188 3 

[ 192 3 

[ 196 ) 

: 228 3 

[ 232 3 

( 236 3 

[ 240 3 

[ 272 3 

276 


1 Name 1 

1 Value 


80 ns 1 

. 

34 ns 1 

S6ns , 1 

bo ns 1 

90 ns 1 

92 ns 1 

94 ns 1 

96 ns 

▼ 'ift IF Stage 
▼ ^1 Inputs 

14 irqp.a 

0 

0 

0 

00040028 

2001000a 

4 











^ 4S pc.api:0] 

272 3 

: 276 3 

; 280 3 

( 312 3 

: 316 3 

; 320 3 

( 324 3 

[ 356 3 

360 

▼ )li Outputs 

H firqp.a 










^ 49 fjump.addr.api 


00000000 


( 02000028 3 


00000000 


[ 0002bfl0 3 

00015^ 

^ 49 instruction.api: 


00000000 


( IcSOOOOa 


00000000 


; 8c00afc4 3 

:[ 8C0057 

^ 49 pc4.addr.api:0] 

276 3 

[ 280 

; 284 3 

( 316 3 

: 320 3 

324 3 

( 328 3 

: 360 3 

364 











162 





















































































































































1 Name I 

1 Value 


96 ns 1 

98 ns 1 

100 ns 1 

102 ns 1 

104 ns 1 

106 ns 1 

108 ns 1 

110 ns 1 

112 ns 

▼ IF Stage 

▼ ^ Inputs 

irqp.a 

0 











^ Ilf pc a[31:0] 

0 

[ 360 3 

364 3 

; 368 3 

[ 372 3 

[ 376 3 

: 380 3 

: 384 3 

: 388 

[ 0 

▼ Tfc Outputs 

firqp.a 

0 










|F ^ fjump_addr_a^l 

00040028 

: OOOlSftO 3 




00000000 




: 000401 

^ *13 instruction.api: 

2001000a 

; 8c0057e4 3 


00000000 


; 08000000 3 


00000000 


: 200101 

> pc4_addr_a|31:0] 

4 

: 364 3 

368 3 

: 372 3 

[ 376 3 

: 380 3 

[ 384 3 

; 388 3 

: 392 

: 4 



1 Name I 

1 Value 1 

l-Hns 1 

146 ns 1 

146 ns 1 

150 ns 1 

152 ris 1 

IWns 1 

156 ns 1 

l^ ns 1 _ ^ ^ 

160 ns 

▼ IF Stage 

▼ W Inputs 

irqp.a 

0 










^ in pc.apirO] 

0 

; 64 3 

; 68 ) 

( 72 

3 76 3 

( 80 3 

: 84 3 

3 88 3 

: 92 3 

96 

W Outputs 

firqp.a 

0 










^ BU fjump.addr.api 

0004002B 

01300000 3 

; 04a9a0a8 ) 

; 0525c0a8 3 

; 04bc0010 

; 05400010 3 

; 00440000 3 

3 002C0010 

3 00000028 3 

3 OOOOOI 

^ B|^ instruction.api: 

2001000a 

344C0000 3 

; 012a682a ) 

; 0149702a 3 

292f0004 

; 29500004 3 

; 8c110000 3 

ac0b0004 ) 

1000000a 3 

3 oooooi 

^ igl pc4_addr_api:0] 

4 

t 68 3 

- ^ 

i 76 3 

; 80 3 

3 84 3 

3 88 3 

- ^ 

3 96 3 

3 ioo 


1 Name I 

1 Value 1 


160 ns 1 

162 ns 1 

164 ns 1 

166 ns 1 

168 ns 1 

170 ns 1 

172 ns 1 

174 ns 1 

176 ns 

▼ IF Stage 

▼ Inputs 

irqp.a 

0 

0 

0 

00040028 

2001000a 

4 











► ^ pc.api:0] 

3 96 3 

: 100 3 

3 104 

3 136 3 

3 140 3 

3 144 3 

3 148 3 

3 180 3 

3 184 

▼ Outputs 

firqp.a 










► fjump.addr.api 


00000000 


3 00880028 3 


00000000 


3 08800028 3 

3 OOOOOC 

^ 1 ^ instruction.api: 


00000000 


3 1422000a 3 


00000000 


la20000a 3 

3 OOOQQC 

► pc4.addr.api:0] 

f3 100 3i 

104 3 

3 108 

3 140 3 

3 144 3 

3 148 3 

3 152 3 

184 3 

3 ^ 











1 Name I 

1 Value 


176 ns 1 

178 ns 1 

ISO ns 1 

182 ns , 1 , , 

184 ns , 1 , , , 

186 ns 1 

IM ns 

190 ns 

192 ns 

▼ IF Stage 

▼ Inputs 

irqp.a 

0 










^ ^ pc.api:0] 

0 

184 3 

3 188 ) 

3 192 3 

3 224 3 

3 228 3 

3 232 3 

3 236 3 

3 268 

3 272 

T Outputs 

H firqp.a 

0 










^ ^ fjump.addr.api 

00040028 


00000000 


3 02800028 3 


00000000 


01040028 

3 OOOOOC 

^ ^ instruction.api: 

2001000a 


00000000 


3 04a0000a 3 


00000000 


0441000a 

3 OOOOOC 

P’ pc4.addr.api:0] 

4 

188 3 

3 192 ) 

3 196 3 

3 228 3 

3 232 3 

3 236 3 

3 240 3 

3 272 

3 276 


1 Name I 

1 Value 


192 ns , 1 

194ns , , 

l%ns 1 

198 ns 

200 ns 1 , 

202 ns , ^ 

204ns 1 

206 ns 

208 ns 

▼ [ift IF Stage 
▼ K Inputs 

irqp.a 

0 











P pc.api:0] 

0 

272 3 

276 3 

3 280 3 

3 312 3 

3 316 3 

3 320 3 

3 324 3 

3 356 3 

360 

T }||‘ Outputs 

firqp.a 

0 










P Bj^ fjump.addr.api 

00040028 


00000000 


3 02000028 3 


00000000 


3 0002 bfl0 3 

3 000151 

P instruction.api: 

2001000a 


00000000 

:s 

IcSOOOOa 


00000000 


3 8c00afc4 3 

;8c005: 

p Bg pc4.addr_api:0] 

4 

i; 276 3 

3 280 3i 

i; 284 i 316 3l 

320 3 

3 324 3 

3 328 3 

3 360 3 

364 


163 












































































































































































1 Name I 

1 Value 


205 ris 1 

210 ns 1 

212 ns 1 

214 ns 1 

216 ns 1 

218 ns 1 

220 ns 1 

222 ns 1 

224 ns 

▼ IF Stage 

▼ Inputs 

irqp.a 

0 











^ Ijlf pc a|31:0] 

0 


360 

; 364 ) 

: 368 ) 

; 372 ) 

( 376 

380 ) 

; 384 ) 

: 388 ; 

:! 0 

▼ Outputs 

firqp.a 

0 











^ ^ fjump_addr_al31 

0004002B 


00015f90 




00000000 




; 00040C 

^ ^ instruction_a[31: 

2001000a 


8c0057e-4 


00000000 


; 08000000 


00000000 


; 200 IOC 

^ pc4_addr_a[31:0] 

4 


364 

; 368 ) 

: 372 ; 

: 376 ) 

( 380 

; 384 ) 

; 388 ) 

: 392 ; 

4 


1 Name I 

1 Value 


224 TiS ^ 


, 1 

230^riS ^ 1 

232 ns 1 

254 ns 1 

236^ns 1 ^ ^ ^ ^ 

2^,ns , 1 

240 ns 

▼ IF Stage 

▼ ^l' Inputs 

14 irqp.a 

0 










^ ^ pc_a[31:0] 

0 

; 0 ; 

; ) 

; 8 :i 

; 12 ) 

: 16 ) 

( 20 ) 

; 24 ) 

( 28 ; 

; 32 

▼ Outputs 

firqp.a 

0 










► ^ fjump.addr.api 

00040028 

00040028 ; 

: OOObffcO ) 

; 0000 

5000 

; 00886090 

( 00888094 

0088a09c 

; 0088C098 ; 

; 001c0( 

^ instruction.api: 

2001000a 

2001000a ; 

; 2002 fFR) ) 

( 0000 

3000 ) 

; 00221824 ) 

( 00222025 ) 

; 00222827 ) 

( 00223026 ) 

200 70( 

> "IS pc4_addr_api:0] 

4 

4 J 

: 8 5 

; 12 ) 

; 16 ) 

; 20 ; 

( 24 ) 

; 28 ) 

( 32 j 

36 


1 Name I 

1 Value 


240 ns 1 

242 ns 1 

244 ns 1 

246 ns 1 

248 ns 1 

250 ns 1 

252 ns 1 

254ns 1 

256 ns 

▼ IF Stage 

▼ ^i’ Inputs 

irqp.a 

0 











^ ^ pc api:0] 

0 

( 32 ) 

; 36 ] 

[ 40 J 

t 44 3 

[ 48 3 

; 52 3 

[ 56 3 

: 60 3 

64 

▼ ^ Outputs 

firqp.a 

0 










► *0 fjump.addr.api 

00040028 

( OOlcOOlS 

: 001d0200 } 

[ 0020e408 } 

: OOldOOlO ) 

: 0020e018 3 

; 00892080 3 

3 00894088 3 

: 012ffffc 3 

; 0130001 

1^ ^ instruction.api: 

2001000a 

( 20070006 ) 

: 00074080 } 

: 00083902 ) 

: 00074004 3 

: 00083806 3 

3 00224820 3 

3 00225022 3 

: 304bffff 3 

:344c00( 

► ■(3 pc4.addr.api:0] 

4 


: 40 } 

: 44 } 

: 48 3 

[ 52 3 

[ 56 3 

3 60 3 

: 64 3 

68 


1 Name I 

1 Value 


256 ns 1 

258 ns 1 

260 ns 1 

262 ns 1 

264 ns 1 

266 ns ^ 

268ns 1 

270 ns 1 

272ns 

▼ IF Stage 

▼ Inputs 

irqp.a 

0 











^ ^ pc api:0] 

0 

64 ) 

68 3 

3 72 3 

: 76 3 

3 80 3 

: 84 3 

; 88 3 

: 92 

; 96 

▼ 1||’ Outputs 

firqp.a 

0 










► ^ fjump.addr.api 

00040028 

1: 01300000 3 

3 04a9a0a8 3 

3 0525c0a8 3 

04>c0010 3 

3 05400010 3 

00440000 3 

; 002C0010 3 

00000028 

; oooooooc 

^ ^ instruction.api: 

2001000a 

i; 344C0000 3 

3 012a682a 3 

3 01497D2a 3 

292f0004 3 

29500004 3 

; 8C110000 3 

; ac0b0004 3 

; 1000000a 

3 oooooooc 

> pc4.addr.api:0] 

4 

( 68 ) 

3 .. 72 .n 

3 76 3 

: 80 3 

3 84 3 

: 88 3 

: 92 3 

: 96 

3 100 


1 Name I 

1 Value 1 

272ns 1 

274 ns 1 

276 ns 1 

278 ns 1 

2M ns 1 

282ns 1 

284ns , 

286ns ^ 

288 ns 

▼ IF Stage 

▼ ^ Inputs 

14 irqp.a 

0 

0 

0 

00040028 

2001000a 

4 










^ im pc.api:0] 

: 96 3 

3 100 

: 104 3 

: 136 3 

: 140 

: 144 3 

: 148 3 

3 180 3 

: 184 

▼ Outputs 

firqp.a 










1^ *11 fjump.addr.api 


00000000 


00880028 3 


00000000 


3 08800028 3 

; 0000000 

^ >11 instruction.api: 

i:; 

00000000 


; 1422000a 3 


00000000 


3 la20000a 3 

; 0000000 

If "li pc4.addr.api:0] 

( 100 3 

; 104 

3 108 3 

140 3 

3 144 

: 148 3 

: 152 3 

3 184 

; 188 


1 Name I 

1 Value 


265 r.s 1 

290 ns 1 

292ns 

294ns 

296 ns , 1 , , 

298 ns 

300 ns 

302ns 

304 ns 

▼ ]li IF Stage 
▼ ]Vl‘ Inputs 

irqp.a 

1 










^ ^ pc.api:0] 

( 184 3 

( 188 3 

192 3 

3 224 

3 228 3 

: 232 3 

3 236 3 

3 268 

3 272 

▼ Outputs 

firqp.a 










^ ^ fjump.addr.api 


00000000 


3 02800028 


00000000 


3 01040028 

3 oooooi 

^ instruction.api: 

2001000a 


00000000 


3 04a0000a 


00000000 


3 0441000a 

3 oooooc 

^ pc4.addr.api:0] 


( 188 3 

( 192 3 

3 196 3 

3 228 

: 232 3 

: 236 3 

240 3 

3 272 

276 











164 

























































































































































1 Name I 

1 Value 1 


304ns _ 1 _ _ ^ 

306 ns 

308 ns 

3Wns , 1 , _ , _ 

3pns , 1 , _ _ , 

314ns 

316 ns 1 

3Wns 

3^ ns 

▼ IF Stage 

▼ Inputs 

irqp.a 

0 












^ mi pc.a[31:0] 

0 

; 272 

: 276 ] 

: 280 J 

J 312 ) 

: 44980 3 

[ 44984 3 

: 44988 ; 

: 44992 ) 

; 4499( 

▼ Outputs 

firqp.a 

0 










^ ^ fjump_addr_a[31 

0004002 


00000000 


J 02000028 5 



00000000 



^ ^ instruction.api: 

2001000 


00000000 


; lc80000a ) 



00000000 



P’ Iji pc4_addr_api:0] 

4 

276 ) 

: 280 ) 

; 284 ) 

; 316 ) 

^ 44984 ) 

; 44988 ^ 

; 44992 ) 

[ 44996 ) 

45oo( 


Name || Value 


▼ 111 ' IF stage 
▼ Inputs 


irqp.a 

0 

► mi pc_api: 0 ] 

0 

▼ ]ll Outputs 


firqp.a 

0 

► fjump_addr_api:i 

0004002 

P ^ instruction.apiiC 

2001000 

p pc4.addr.api;0] 

4 



326 ns 


E. IF/ID REGISTER 


1 Name I 

1 Value 1 

0 ns 1 

. 

. 

6 ns 1 

8 ns 1 

10 ns 1 

12 ns 1 

14 ns 1 

16 ns 

T % IF/ID Register 

0 










elk 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

irqp.a 

0 










irqp b 

0 










14 irqp.c 

0 










P ^ instruction.! 

2001000a 

2001000 a ) 

; 2002fff0 ) 

: 0000 

)000 ) 

: 00221824 3 

J 00222025 3 

[ 00222827 3 

: 00223026 3 

; 201 

p ^ instruction.! 

2001000a 

2001000 a ) 

: 2002fFf0 ) 

: 0000 

)000 ) 

f 00221824 3 

3 00222025 3 

[ 00222827 3 

^ 00223026 

[ 201 

P ^ instruction.c 

2001000a 

2001000 a ; 

; 2002 fffD ) 

: 0000 

)000 ) 

J 00221824 3 

: 00222025 3 

[ 00222827 3 

[ 00223026 

; 201 

p ^ pc4.addr.a[: 

00000004 

00000004 ; 

; 00000008 ) 

: OOOOOOOc ) 

; 00000010 ) 

[ 00000014 3 

: 00000018 3 

; 0000001 c 3 

f 00000020 

: oQi 

P ^ pc4.addr.b[; 

00000004 

00000004 ; 

; 00000008 ) 

: OOOOOOOc ) 

; 00000010 ) 

J 00000014 3 

: 00000018 3 

; 000000 ic 

00000020 ) 

; OQi 

p ^ pc4.addr.cp 

00000004 

00000004 j 

; 00000008 ) 

: OOOOOOOc ) 

[ 00000010 ) 

f 00000014 3 

J 00000018 3 

: 0000001 c 

; 00000020 ) 

oQi 

P ij|f jump.addr.c 

00040028 

00040028 ; 

; ooobffco ) 

; 0000 

)000 ) 

J 00886090 3 

: 00888094 3 

; 0088a09c 

0088C098 ) 

; 00 

p Jump.addr.t 

00040028 

00040028 ; 

; ooobffco 

^ 0000 

)000 J 

r 00886090 3 

: 00888094 3 

; 0088a09c 3 

; 0088C098 ) 

: 00 

P Jump addr c 

00040028 

00040028 ; 

; ooobffco ) 

; 0000 

)ooo 3 

J 00886090 3 

: 00888094 3 

; 0088a09c 

; 0088C098 ) 

; 00 

▼ Outputs 

firqp.a 

0 










firqp.b 

0 










firqp.c 

0 










► *0 finstruction. 

00000000 

00000000 ; 

; 2001000 a 

^ 2002 fff 0 ) 

[ 0000 

3000 ) 

; 00221824 3 

00222025 

; 00222827 ) 

00 

P ^ finstruction. 

00000000 

00000000 ; 

; 2001000 a ) 

: 2 oo 2 ffro ) 

; 0000 

3000 ) 

: 00221824 

00222025 3 

; 00222827 ) 

; 00 . 

► ^ finstruction. 

00000000 

00000000 ; 

; 2001000 a ) 

; 2002 ffR) ) 

; 0000 

3000 ) 

; 00221824 

; 00222025 3 

; 00222827 ) 

00 

► fpc4.addr.a| 

00000000 

00000000 ; 

; 00000004 ) 

; 00000008 ) 

: OOOOOOOc 3 

; 00000010 ) 

00000014 

00000018 

; 0000001 c ) 

; OQI 

► ^ fpc4.addr.b 

00000000 

00000000 

; 00000004 ) 

; 00000008 ) 

; OOOOOOOc 

; 00000010 ) 

00000014 3 

; 00000018 3 

; 000000 ic ) 

OQI 

► ^ fpc4.addr.c[ 

00000000 

00000000 ; 

; 00000004 ) 

; 00000008 ) 

; OOOOOOOc 3 

00000010 ) 

00000014 3 

00000018 

0000001 c ) 

; ooi 

P ^ fjump.addr. 

00000000 

00000000 ; 

; 00040028 ) 

; ooobffco ) 

0000 

3000 ) 

; 00886090 3 

; 00888094 3 

0088a09c ) 

; OQi 

► fjump.addr. 

00000000 

00000000 ) 

; 00040028 ) 

; ooobffco ) 

0000 

3000 ) 

00886090 

; 00888094 

0088a09c ) 

; OQi 

► ^ fjump.addr. 

00000000 

00000000 ) 

; 00040028 ) 

; ooobffco ) 

; 0000 

3000 ) 

00886090 3 

00888094 

; 0088a09c ) 

3 OQi 


165 



























































































































’ "m IF/ID Register 
elk 

▼ 4 Inputs 

irqp.a 
irqp.b 
14 irqp.c 
^ ^ instruction_c 
1^ instruction.! 
^ ^ instruction_( 
^ ^ pc4_addr_a[: 
^ ^ pc4_addr_b[: 
^ pc4_addr_cp 
^ iy jump_addr_c 
^ ^ jump_addr_t 
^ ^ jump_addr_c 

▼ Outputs 

firqp.a 

firqp.b 

firqp.c 

► ^ finstruction. 
^ finstruction. 
^ 1|^ finstruction. 
^ fpc4_addr_a| 
^ ^ fpc4_addr_b 
^ fpc4_addr_c[ 

► ^ fjump_addr_ 
^ ^ fjump_addr_ 
^ ^ fjump_addr_ 




|16ns 1 

18 ns 1 

20 ns 1 

22ns 1 

24 ns 1 

26 ns 1 

28 ns ^ 

30 ns 1 

32 ns 

1 









1 

1 

1 

1 

1 

1 

1 

1 





























20070006 ) 

[ 00074080 3 

: 00083902 3 

; 00074004 3 

^ 00083806 3 

: 00224820 3 

: 00225022 3 

f 304bffff 3 

; 34 

i: 20070006 ) 

: 00074080 3 

: 00083902 3 

: 00074004 3 

[ 00083806 3 

: 00224820 3 

; 00225022 3 

( 304bff(f 3 

: 34 

i; 20070006 ) 

; 00074080 3 

J 00083902 3 

; 00074004 3 

^ 00083806 3 

t 00224820 3 

; 00225022 3 

f 304bfffF 3 

: 34 

00000024 ) 

: 00000028 3 

^ 0000002c 3 

[ 00000030 3 

: 00000034 3 

J 00000038 3 

[ 0000003c 3 

f 00000040 3 

: 001 

00000024 3 

[ 00000028 3 

: 0000002c 3 

: 00000030 3 

J 00000034 3 

: 00000038 3 

: 0000003c 3 

J 00000040 3 

: 001 

00000024 3 

; 00000028 3 

J 0000002c 3 

: 00000030 3 

J 00000034 3 

: 00000038 3 

; 0000003c 3 

[ 00000040 3 

: 001 

OOlcOOlS 3 

; 001d0200 3 

J 00206408 3 

; ooldoolo 3 

^ 00206018 3 

J 00892080 3 

[ 00894088 3 

f 012ffffc 3 

: 01. 

OOlcOOlS 3 

[ 001d0200 3 

J 00206408 3 

[ OOldOOlO 3 

f 00206018 3 

J 00892080 3 

[ 00894088 3 

[ 012ffffc 3 

: 01. 

OOlcOOlS 3 

[ 001d0200 3 

: 00206408 3 

[ OOldOOlO 3 

[ 00206018 3 

: 00892080 3 

[ 00894088 3 

: 012ffFfc 3 

: OL 




























; 00223026 3 

: 20070006 3 

J 00074080 3 

; 00083902 3 

J 00074004 3 

; 00083806 3 

; 00224820 3 

[ 00225022 3 

: 3c 

00223026 3 

[ 20070006 3 

: 00074080 3 

[ 00083902 3 

: 00074004 3 

: 00083806 3 

[ 00224820 3 

J 00225022 3 

: 3c 

00223026 3 

[ 20070006 3 

t 00074080 3 

[ 00083902 3 

f 00074004 3 

J 00083806 3 

[ 00224820 3 

t 00225022 3 

: 3c 

00000020 3 

[ 00000024 3 

: 00000028 : 

[ 0000002c 3 

[ 00000030 3 

: 00000034 3 

[ 00000038 3 

[ 0000003c 3 

: 001 

00000020 3 

: 00000024 3 

J 00000028 3 

; 0000002c 3 

[ 00000030 3 

: 00000034 3 

; 00000038 3 

[ 0000003c 3 

: 001 

00000020 3 

: 00000024 3 

: 00000028 3 

[ 0000002c 3 

: 00000030 3 

: 00000034 3 

[ 00000038 3 

J 0000003c 3 

: 001 

0088C098 3 

[ OOlcOOlS 3 

J 001d0200 3 

[ 00206408 3 

f OOldOOlO 3 

J 00206018 3 

[ 00892080 3 

f 00894088 3 

: 0: 

|: 0088C098 3 

[ OOlcOOlS : 

: 001d0200 3 

[ 00206408 3 

[ OOldOOlO 3 

: 00206018 3 

[ 00892080 3 

[ 00894088 3 

: 0: 

0088C098 3 

: OOlcOOlS 3 

^ 001d0200 3 

: 00206408 3 

[ OOldOOlO 3 

J 00206018 3 

[ 00892080 3 

[ 00894088 3 

' 0; 


Name 

Value 

▼ ]1|“ IF/ID Register 


elk 

0 

▼ 4 Inputs 


l|l irqp.a 

0 

irqp.b 

0 

irqp.c 

0 

^ Ijj Instruction.c 

2001000a 

^ instruction.! 

2001000a 

^ instruction.r 

2001000a 


^ ^ pc4_addr_a[: 
^ ^ pc4_addr_bp 
^ HU pc4_addr_c[5 
^ ^ jump_addr_c 
^ ^ jump.addr.t 
^ ^ jump.addr.c 
W Outputs 
firqp.a 
H firqp.b 
H firqp_c 

► ^ finstruction. 

► *|j finstruction. 
^ ^ finstruction. 

► ^ fpc4_addr_a| 
^ 1^ fpc4_addr_b 
^ ^ fpc4_addr_c[ 

► ^ fjump_addr_ 

► ^ fjump_addr_ 
^ ^ fjump.addr. 



. 

34 ns 1 

36 ns 1 

38ns 1 

40 ns 1 

42 ns 1 

44 ns 1 

46 ns 1 

48 ns 

1 









1 1 

1 

1 

1 

1 

1 

1 

1 





























t: 344C0000 3 

; 012a682a 3 

: 0149702a 3 

: 292f0004 3 

J 29500004 3 

[ 8C110000 3 

: ac0b0004 3 

[ 1000000a 3 

[ 00 

C 344C0000 3 

012a682a 3 

; 0149702a 3 

J 292f0004 3 

J 29500004 3 

; sciioooo 3 

J ac0b0004 3 

^ 1000000a 3 

; 00 

t; 344COOOO 3 

012a682a 3 

: 0149702a 3 

: 292f0004 3 

: 29500004 3 

: Sciioooo 3 

: ac0b0004 3 

[ 1000000a 3 

[ 00 

t; 00000044 3 

00000048 3 

[ 0000004c 3 

J 00000050 3 

t 00000054 3 

; 00000058 3 

J 0000005c 3 

[ 00000060 3 

[ 00 

( 00000044 

; 00000048 3 

[ 0000004c 3 

: 00000050 3 

[ 00000054 3 

[ 00000058 3 

: 0000005c 3 

: 00000060 3 

[ 00 

C 00000044 3 

00000048 3 

: 0000004c 3 

J 00000050 3 

[ 00000054 3 

; 00000058 3 

^ 0000005c 3 

[ 00000060 3 

; 00 

< 01300000 

04a9a0a8 3 

0525c0a8 3 

; 04bc0010 3 

: 05400010 3 

; 00440000 3 

: 002C0010 3 

J 00000028 3 

[ 00 

( 01300000 3 

; 04a9a0a8 3 

; 0525c0a8 3 

; 04bc0010 3 

[ 05400010 3 

[ 00440000 3 

^ 002C0010 3 

[ 00000028 3 

; 00 

t; 01300000 3 

[ 04a9a0a8 ] 

0525c0a8 3 

04bc0010 3 

[ 05400010 3 

; 00440000 3 

: 002C0010 3 

[ 00000028 3 

[ 00 




























t; 304bffff 3 

344coooo 3 

; 012a682a 3 

; 0149702a 3 

; 292f0004 3 

; 29500004 3 

: Sciioooo 3 

[ ac0b0004 3 

; 10 

( 304bffff 

344C0000 3 

012a682a 3 

0149702a 3 

: 292f0004 3 

: 29500004 3 

: Sciioooo 3 

: ac0b0004 3 

[ 10 

( 304bffff 3 

; 344C0000 3 

; 012a682a 3 

; 0149702a 3 

; 292f0004 ) 

; 29500004 3 

[ Sciioooo 3 

^ ac0b0004 3 

; 10 

s; 00000040 

; 00000044 3 

00000048 3 

0000004c 3 

00000050 ) 

00000054 3 

: 00000058 3 

[ 0000005c 3 

[ 00 

( 00000040 

00000044 3 

; 00000048 3 

; 0000004c 3 

: 00000050 ) 

00000054 3 

; 00000058 3 

[ 0000005c 3 

; 00 

i; 00000040 

00000044 3 

00000048 3 

; 0000004c 3 

: 00000050 3*3 00000054 3 

; 00000058 3 

: 0000005c 3 

; 00 

< 012ffffc 3 

01300000 3 

; 04a9a0a8 ] 

; 0525c0a8 3 

; 04bcooio 3|:: 05400010 3 

^ 00440000 3 

; 002C0010 3 

; 00 

( 012 ffffc 

01300000 3 

04a9a0a8 3 

0525c0a8 3 

; o4bcooio 3|:; 05400010 3 

: 00440000 3 

: 002C0010 3 

[ 00 

1;' 012ffffc 3 

01300000 

04a9a0a8 3 

0525c0a8 

; 04bc0010 3|; 05400010 3 

: 00440000 3 

[ 002C0010 3 

; 00 


166 







































































































































































Name 

Value 1 

|48ns 1 

SOris 1 

52rrs , , 

54 ns 1 

56 ns 1 

58ris 1 

60 ns 1 

62ris , , 

64 ns 

T ^ IF/ID Register 

0 

1 









elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

irqp a 

0 










irqp.b 

0 










14 irqp.c 

0 










^ instructionj 

2001000a 


00000000 


: 1422000a ) 


00000000 


[ la20000a 3 

; 00c 

^ ^ instruction,! 

2001000a 


00000000 


^ 1422000a ) 


00000000 


; la20000a 3 

; 00c 

^ i|^ instruction_( 

2001000a 


00000000 


^ 1422000a ) 


00000000 


[ la20000a 3 

; 00c 

^ pc4_addr_a[: 

00000004 

00000064 ) 

J 00000068 ) 

[ 0000006c ) 

J 0000008c ) 

: 00000090 ) 

[ 00000094 3 

J 00000098 3 

; OOOOOObS 3 

; 00c 

► ^ pc4_addr_b[: 

00000004 

00000064 ) 

: 00000068 ) 

[ 0000006c ) 

^ 0000008c ) 

: 00000090 ) 

: 00000094 3 

^ 00000098 3 

[ OOOOOObS 3 

; 00c 

^ pc4_addr_cp 

00000004 

00000064 ) 

f 00000068 ; 

; 0000006c ) 

^ 0000008c ) 

; 00000090 ) 

; 00000094 3 

^ 00000098 3 

; OOOOOObS 3 

; 00c 

^ ijj Jump_addr_c 

00040028 


00000000 


: 00880028 J 


00000000 


[ 08800028 3 

( 00c 

^ ^ jump_addr_t 

00040028 


00000000 


f 00880028 ) 


00000000 


[ 08800028 3 

: 00c 

^ i|j jump_addr_c 

00040028 


00000000 


^ 00880028 ) 


00000000 


[ 08800028 3 

; 00c 

▼ ^|‘ Outputs 

ljl firqp_a 

0 










firqp.b 

0 










H firqp.c 

0 










^ finstruction. 

00000000 

1000000a ) 


00000000 


; 1422000a ) 


00000000 


( la2 

► ^ finstruction. 

00000000 

1000000a ) 


00000000 


;■ 1422000a ) 


00000000 


( la2 

^ finstruction. 

00000000 

1000000a ) 


00000000 


; 1422000a ; 


00000000 


[ la2 

1^ ^ fpc4_addr_a| 

00000000 

00000060 ) 

( 00000064 ; 

; 00000068 :i 

; 0000006c ) 

; 0000008c ; 

00000090 3 

J 00000094 3 

; 00000098 3 

; 00c 

^ ^ fpc4_addr_b 

00000000 

00000060 ) 

; 00000064 ) 

; 00000068 ) 

0000006c ) 

; 0000008c 3 

; 00000090 3 

[ 00000094 3 

; 00000098 3 

; 00c 

^ fpc4_addr_c[ 

00000000 

00000060 ) 

( 00000064 ; 

; 00000068 j 

; 0000006c ) 

; 0000008c 3 

; 00000090 3 

[ 00000094 3 

; 00000098 3 

; 00c 

^ ^ fjump_addr_ 

00000000 

00000028 ) 


00000000 


; 00880028 3 


00000000 


; 088 

^ ^ fjump_addr. 

00000000 

00000028 ) 


00000000 


; 00880028 3 


00000000 


; 08S 

► fjump_addr_ 

00000000 

00000028 ) 


00000000 

-^ 

; 00880028 3 


00000000 


; 08S 


1 Name I 

1 Value 1 

64 ns 1 

66 ns ^ 

68 ns 1 

70 ns 1 

72 ns 1 

74 ns 1 

76 ns 1 

78 ns 1 

80 ns 

▼ W IF/ID Register 

0 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ W Inputs 

irqp.a 

0 










irqp b 

0 










14 irqp.c 

0 










^ ^ instruction,. 

2001000a 


00000000 


[ 04a0000a 3 


00000000 


: 0441000a 3 

( 00( 

^ ^ instruction.! 

2001000a 


00000000 


[ 04a0000a 3 


00000000 


^ 0441000a 3 

( 00( 

^ ^ instruction,( 

2001000a 


00000000 


: 04a0000a 3 


00000000 


: 0441000a 3 

^ 00( 

^ Ilf pc4.addr.ap 

00000004 

OOOOOObc 3 

; ooooooco 3 

; 000000C4 3 

: 00000064 3 

^ 000000e8 3 

[ OOOOOOec 3 

( OOOOOOfO 3 

: 00000110 3 

( 00( 

► *iS pc4,addr,b[; 

00000004 

OOOOOObc 3 

OOOOOOcO 3 

; 000000C4 3 

; 00000064 3 

[ 00000068 3 

^ OOOOOOec 3 

^ OOOOOOfO 3 

^ 00000110 3 

^ 00( 

^ ^ pc4,addr,cp 

00000004 

OOOOOObc 3 

; ooooooco 3 

: 000000C4 3 

: 00000064 3 

: 00000068 3 

: OOOOOOec 3 

[ OOOOOOfO 3 

: 00000110 3 

^ 00( 

^ jump.addr.c 

00040028 


00000000 


[ 02800028 3 


00000000 


: 01040028 3 

^ 00( 

^ lU jump.addr.t 

00040028 


00000000 


J 02800028 3 


00000000 


: 01040028 3 

; 00( 

^ ^ jump.addr.c 

■ 

i: 

00000000 


[ 02800028 3 


00000000 


^ 01040028 3 

( 00( 

T Outputs 

firqp.a 










H firqp.b 










H lirqp.c 










^ 1|^ finstruction. 

la20000a 3 


00000000 


[ 04a0000a 3 


00000000 


^ 04- 

^ ^ finstruction. 


la20000a 3 


00000000 


: 04a0000a 3 


00000000 


; 04^ 

^ ^ finstruction. 


la20000a 3 


00000000 


[ 04a0000a 3 


00000000 


( 04^ 

^ ^ fpc4.addr.a| 

00000000 

OOOOOObS 3 

; OOOOOObc 3 

; ooooooco 3 

; 000000C4 3 

; 00000064 3 

: 00000068 3 

J OOOOOOec 3 

: OOOOOOfO 3 

( 00( 

^ ^ fpc4.addr.b 

00000000 

OOOOOObS 3 

; OOOOOObc 3 

; ooooooco 3 

: 000000C4 3 

; 00000064 3 

^ 00000068 3 

[ OOOOOOec 3 

: OOOOOOfO 3 

( 00( 

► fpc4.addr.c[ 

00000000 

OOOOOObS 3 

; OOOOOObc 3 

; ooooooco 3 

; 000000C4 3 

; 00000064 3 

^ 00000068 3 

J OOOOOOec 3 

^ OOOOOOfO 3 

^ 00( 

► ^ fjump.addr. 

00000000 

08800028 3 


00000000 


; 02800028 3 


00000000 


^ OK 

^ ^ fjump.addr. 

00000000 

08800028 3 


00000000 


; 02800028 3 


00000000 


^ OK 

^ ^ fjump.addr. 

00000000 

08800028 3 


00000000 


; 02800028 


00000000 


; OK 
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Name I 

Value 1 

. 

82 ns 1 

84 ns 1 

86 ns 1 

88 ns 1 

90 ns 1 

92 ns 1 

94 ns 1 

96 ns 

▼ Til’ IF/ID Register 

0 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

irqp a 

0 










irqp b 

0 










14 irqP-C 

0 










^ ^ instruction.e 

2001000a 


00000000 


; lc80000a 3 


00000000 


; 8c00afc4 3 

; 8ci 

^ ^ instruction.! 

2001000a 


00000000 


[ lc80000a 3 


00000000 


[ 8c00afc4 3 

' to 

^ ^ instruction_( 

2001000a 


00000000 


; lc80000a 3 


00000000 


[ 8c00afc4 3 

; §5 

^ ^ pc4.addr.a[: 

00000004 

00000114 J 

[ 00000118 3 

; 00000lie 3 

; 0000013c 3 

; 00000140 3 

; 00000144 3 

; 00000148 3 

' 00000168 3 

; 00 

► *19 pc4_addr_b[; 

00000004 

00000114 ) 

; 00000118 3 

; oooooiic 3 

; 0000013c 3 

; 00000140 3 

; 00000144 3 

; 00000148 3 

: 00000168 3 

; 00 

^ pc4.addr.cp 

00000004 

00000114 ) 

; 00000118 3 

; oooooiic 3 

; 0000013c 3 

[ 00000140 3 

; 00000144 3 

; 00000148 3 

' 00000168 3 

; 00 

1^ ^ jump.addr.c 

00040028 


00000000 


[ 02000028 3 


00000000 


' 0002bfl0 3 

' 00 

^ ^ jump.addr.t 

00040028 


00000000 


[ 02000028 3 


00000000 


; 0002bfl0 3 

; 00 

^ i|| jump addr c 

00040028 


00000000 


; 02000028 3 


00000000 


' 0002bfl0 3 

' 00 

▼ Outputs 

firqp a 

0 










H firqp.b 

0 










firqp.c 

0 










^ 1|9 finstruction. 

00000000 

0441000a 3 


00000000 


; lc80000a 3 


00000000 


; 8c 

P- *19 finstruction. 

00000000 

0441000a 3 


00000000 


[ lc80000a 3 


00000000 


; 8c 

^ finstruction. 

00000000 

0441000a 3 


00000000 


[ lc80000a 3 


00000000 


; 8c 

^ ^ fpc4.addr.a| 

00000000 

00000110 3 

; 00000114 3 

; 00000118 3 

; oooooiic 3 

; 0000013c 3 

; 00000140 3 

; 00000144 3 

( 00000148 3 

; 00 

► ^ fpc4_addr_b 

00000000 

00000110 3 

[ 00000114 3 

[ 00000118 3 

[ oooooiic 3 

[ 0000013c 3 

[ 00000140 3 

; 00000144 3 

[ 00000148 3 

' 00 

^ ^ fpc4_addr.c[ 

00000000 

00000110 3 

; 00000114 3 

; 00000118 3 

; oooooiic 3 

; 0000013c 3 

; 00000140 3 

; 00000144 3 

; 00000148 3 

; 00 

^ *ti fjump.addr. 

00000000 

01040028 3 


00000000 


; 02000028 3 


00000000 

) 

; 00 

► ^ fjump.addr. 

00000000 

01040028 3 


00000000 


[ 02000028 3 


00000000 


; 00 

► fjump.addr. 

00000000 

01040028 3 


00000000 


; 02000028 3 


00000000 


[ 00 

Name 11 Value I 

. 

98 ns 1 

100 ns 1 

102 ns 1 

104 ns 1 

106 ns 1 

108 ns 1 

110 ns 1 

112 ns 

▼ IF/ID Register 

0 

1 









l|l elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

irqp a 

0 










irqp.b 

0 










14 irqp.c 

0 










^ ^ instruction.c 

2001000a 

8c0057e4 ) 


00000000 


[ 08000000 3 


00000000 


; 201 

^ instruction.! 

2001000a 

[; 8c0057e4 ) 


00000000 


J 08000000 3 


00000000 


; 201 

^ ^ instruction.* 

2001000a 

8c0057e4 ) 


00000000 


f 08000000 3 


00000000 


; ^ 

P - *19 pc4.addr.a[: 

00000004 

[; 0000016c ) 

: 00000170 3 

: 00000174 3 

; 00000178 3 

J 0000017c 3 

: 00000180 3 

; 00000184 3 

3 00000188 3 

; 001 

^ ^ pc4_addr_b[: 

00000004 

0000016c ) 

: 00000170 3 

: 00000174 3 

; 00000178 3 

: 0000017c 3 

: 00000180 3 

; 00000184 3 

[ 00000188 3 

; oQi 

P i|9 pc4.addr.c[H 

00000004 

|; 0000016c ) 

; 00000170 

^ 00000174 3 

; 00000178 3 

^ 0000017c 3 

J 00000180 3 

; 00000184 3 

^ 00000188 3 

; 001 

P ^ jump.addr.c 

00040028 

|; 00015f90 ) 




00000000 




OOi 

P jump.addr.t 

00040028 

oooisfoo ) 




00000000 




; 001 

^ ^ Jump addr c 

00040028 

00015f90 ) 




00000000 




; oQi 

▼ Ifc' Outputs 

firqp a 

0 










firqp b 

0 










14 firqp.c 

0 










► ^ finstruction. 

00000000 

8c00afc4 ) 

; 8c0057e4 ) 


00000000 


J 08000000 3 


00000000 


P ^ finstruction. 

00000000 

|: 8c00afc4 ) 

: 8c0057e4 ) 


00000000 


: 08000000 3 


00000000 


► ^ finstruction. 

00000000 

8c00afc4 ) 

: 8c0057e4 ) 


00000000 


: 08000000 3 


00000000 


P ^ fpc4.addr.a| 

00000000 

|; 00000168 ) 

; 0000016c ) 

; 00000170 3 

: 00000174 3 

^ 00000178 3 

J 0000017c 3 

; 00000180 3 

^ 00000184 3 

; 001 

► ^ fpc4_addr_b 

00000000 

|; 00000168 ) 

; 0000016c ) 

; 00000170 3 

: 00000174 3 

[ 00000178 3 

t 0000017c 3 

[ 00000180 3 

: 00000184 3 

OQi 

P ^ fpc4.addr.c[ 

00000000 

00000168 ) 

: 0000016c ) 

; 00000170 3 

; 00000174 3 

f 00000178 3 

: 0000017c 3 

; 00000180 3 

^ 00000184 3 

; 001 

P ^ fjump.addr. 

00000000 

0002bfl0 ) 

: 00015f90 ) 




00000000 




► ^ fjump.addr. 

00000000 

0002bfl0 

: 00015f90 ) 




00000000 




P ^ fjump.addr. 

00000000 

[; 0002 bfl0 ) 

: 00015f90 ) 




00000000 
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Name I 

1 Value 


112ns 1 

114 ns 1 

116 ns 1 

118 ns 1 

120 ns 1 

122ns 1 

124 ns 1 

126 ns 1 

128 ns 

T IF/ID Register 

0 










elk 


1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

irqp a 

0 










irqp.b 

0 










lj| irqp.c 

0 










^ instructions 

2001000a 

: 2001000a ) 

; 2002fffO ) 

[ 0000 

)ooo ; 

[ 00221824 ) 

; 00222025 ) 

[ 00222827 ) 

; 00223026 ) 

; 20C 

^ instruction,! 

2001000a 

2001000a ) 

[ 2002fff0 ) 

: 0000 

)000 J 

J 00221824 ) 

[ 00222025 ) 

: 00222827 ) 

: 00223026 ) 

^ 20C 

1^ ^ instruction_( 

2001000a 

2001000a ) 

[ 2002ffro ) 

: 0000 

)000 ) 

: 00221824 ) 

[ 00222025 ) 

: 00222827 ) 

; 00223026 3 

: 20C 

► *13 pc4_addr_a[: 

00000004 

00000004 ) 

[ 00000008 ) 

^ 0000000c ) 

; 00000010 ) 

[ 00000014 ) 

( 00000018 ) 

[ 0000001c ) 

; 00000020 3 

; OOC 

^ pc4_addr_b[; 

00000004 

00000004 ) 

; 00000008 ) 

^ 0000000c ) 

; 00000010 ) 

[ 00000014 ) 

; 00000018 ) 

[ 0000001c ) 

; 00000020 3 

^ OOC 

^ ^ pc4_addr_cp 

00000004 

00000004 ) 

[ 00000008 ) 

: 0000000c ) 

: 00000010 ) 

: 00000014 ) 

[ 00000018 ) 

: 000000 ic ) 

: 00000020 3 

: OOC 

► ^ jump_addr_c 

00040028 

00040028 ) 

; ooobffco ) 

: 0000 

)000 ) 

^ 00886090 ) 

; 00888094 ) 

; 0088a09c ) 

: 0088C098 3 

[ 001 

^ jump_addr_t 

00040028 

00040028 ) 

; ooobffco ; 

^ 0000 

)000 ) 

[ 00886090 ) 

; 00888094 ) 

^ 0088a09c ) 

; 0088C098 3 

; 001 

^ ^ jump_addr_c 

00040028 

00040028 ) 

; ooobffco ) 

: 0000 

)000 ) 

[ 00886090 ) 

[ 00888094 ) 

[ 0088a09c ] 

[ 0088C098 3 

[ 001 

▼ Til’ Outputs 

H firqp.a 

0 










firqp.b 

0 










H tirqp.c 

0 










► ^ finstruction. 

00000000 

00000000 ] 

[ 2001000a ) 

: 2oo2ffro ) 

: 0000 

>000 ) 

[ 00221824 ) 

: 00222025 ) 

; 00222827 3 

^ oo; 

► ^ finstruction. 

00000000 

00000000 ) 

; 2001000a ) 

( 2002fffO ) 

; 0000 

)000 ) 

; 00221824 ) 

[ 00222025 ) 

: 00222827 3 

; oo; 

^ *13 finstruction. 

00000000 

00000000 ) 

[ 2001000a ) 

: 2002fff0 ] 

: 0000 

MOO ) 

[ 00221824 ) 

: 00222025 ) 

: 00222827 3 

( 002 

^ ^ fpc4_addr_a| 

00000000 

: 00000188 ) 

[ 00000004 ) 

: 00000008 ) 

: 0000000c ) 

J 00000010 ) 

[ 00000014 ) 

: 00000018 ; 

: 0000001c 3 

: OOC 

^ *13 fpc4_addr_b 

00000000 

00000188 ] 

; 00000004 ; 

^ 00000008 ) 

[ 0000000c ) 

[ 00000010 ) 

; 00000014 ) 

; 00000018 } 

; 0000001c 3 

; OOC 

^ fpc4_addr_c[ 

00000000 

00000188 ) 

; 00000004 ) 

^ 00000008 ) 

; 0000000c ) 

[ 00000010 ) 

; 00000014 ) 

^ 00000018 ) 

; 0000001c 3 

; OOC 

^ ^ fjurrip_addr_ 

00000000 

00000000 ) 

: 00040028 ) 

: ooobffco ] 

; 0000 

MOO ) 

; 00886090 ) 

[ 00888094 ) 

: 0088a09c 3 

; QOS 

^ fjump_addr_ 

00000000 


00000000 ) 

' 00040028 ) 

: ooobffco ) 

: 0000 

MOO ) 

; 00886090 ; 

J 00888094 ) 

; 0088a09c 3 

[ 008 

► fjump_addr_ 

00000000 

00000000 ) 

: 00040028 ) 

^ ooobffco ) 

[ 0000 

MOO ) 

; 00886090 ) 

^ 00888094 ) 

; 0088a09c 3 

^ QOS 


Name | 

1 Value 1 

|128ns 1 

130 ns 1 

132 ns , , 

134 ns 1 

l^ ns , 

1^ ns , 

140 ns 1 

142 ns 1 

144 ns 

▼ ^ IF/ID Register 

0 

1 









elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

irqp a 

0 










irqp.b 

0 










m irqp_c 

0 










^ ^ instruction,. 

2001000a 

20070006 

f 00074080 3 

[ 00083902 3 

J 00074004 3 

[ 00083806 3 

^ 00224820 

; 00225022 3 

( 304bfffF 3 

; 344 

^ ^ instruction,! 

2001000a 

[; 20070006 ) 

; 00074080 3 

: 00083902 3 

[ 00074004 3 

[ 00083806 3 

: 00224820 j 

[ 00225022 3 

( 304bffff 3 

; 344 

^ ^ instruction_< 

2001000a 

[; 20070006 ) 

; 00074080 3 

[ 00083902 3 

[ 00074004 3 

: 00083806 3 

: 00224820 j 

: 00225022 3 

^ 304bfFFF 3 

; 344 

^ 1|3 pc4_addr,a[: 

00000004 

[; 00000024 ) 

00000028 3 

[ 0000002c 3 

J 00000030 3 

; 00000034 3 

; 00000038 i 

; 0000003c 3 

^ 00000040 3 

; OOP 

^ ^ pc4_addr_b[; 

00000004 

[; 00000024 ) 

; 00000028 3 

[ 0000002c 3 

[ 00000030 3 

[ 00000034 3 

: 00000038 j 

[ 0000003c 3 

J 00000040 3 

; OOP 

^ ^ pc4_addr_cp 

00000004 

[; 00000024 ) 

; 00000028 3 

[ 0000002c 3 

[ 00000030 3 

[ 00000034 3 

: 00000038 j 

: 0000003c 3 

^ 00000040 3 

: OOP 

^ jump_addr,c 

00040028 

[; OOlcOOlS ) 

001d0200 3 

; 0020e408 3 

; OOldOOlO 3 

[ 0020e018 3 

^ 00892080 ) 

[ 00894088 3 

( 012ffFfc 3 

; 013 

^ ^ Jump_addr_t 

00040028 

OOlcOOlS ) 

; 00id0200 3 

; 00206408 3 

[ OOldOOlO 3 

[ 0020e018 3 

: 00892080 j 

[ 00894088 3 

' 012 ffffc 3 

; 013 

^ ^ Jump addr c 

00040028 

OOlcOOlS ) 

; 00 Ido200 3 

00206408 3 

[ OOldOOlO 3 

[ 0020e018 3 

: 00892080 ) 

: 00894088 3 

^ 012 ffffc 3 

: 013 

T Outputs 

H firqp.a 

0 










firqp.b 

0 










14 firqp.c 

0 










► ^ finstruction. 

00000000 

00223026 ) 

; 20070006 3 

; 00074080 3 

J 00083902 3 

[ 00074004 3 

: 00083806 

[ 00224820 3 

J 00225022 3 

; 30- 

^ ^ finstruction. 

00000000 

[; 00223026 ) 

; 20070006 3 

; 00074080 3 

00083902 3 

: 00074004 3 

: 00083806 

: 00224820 3 

[ 00225022 3 

: 30- 

► finstruction. 

00000000 

[; 00223026 ) 

20070006 3 

; 00074080 3 

( 00083902 3 

; 00074004 3 

; 00083806 

; 00224820 3 

^ 00225022 3 

; 30- 

► *13 fpc4,addr,a| 

00000000 

[; 00000020 ) 

; 00000024 3 

; 00000028 3 

0000002c 3 

[ 00000030 3 

: 00000034 

[ 00000038 3 

J 0000003c 3 

; OOP 

► ^ fpc4_addr_b 

00000000 

[; 00000020 ) 

; 00000024 3 

; 00000028 3 

; 0000002 c 3 

[ 00000030 3 

: 00000034 

: 00000038 3 

^ 0000003c 3 

: OOP 

p- 1^3 fpc4_addr_c[ 

00000000 

[; 00000020 ) 

00000024 3 

; 00000028 3 

; 0000002 c 3 

; 00000030 3 

J 00000034 i 

[ 00000038 3 

J 0000003c 3 

; OOP 

► *13 fjump.addr. 

00000000 

[; 0088c098 ) 

; OOlcOOlS 3 

; ooid 02 oo 3 

; 0020e408 3 

: OOldOOlO 3 

: 0020e018 

: 00892080 3 

J 00894088 3 

; ot 

► ^ fjump.addr. 

00000000 

[; 0088C098 ) 

; OOlcOOlS 3 

; 001d0200 3 

( 0020e408 3 

OOldOOlO 3 

: 0020e018 

: 00892080 3 

[ 00894088 3 

; 01 

^ *13 fjump.addr. 

00000000 

[; 0088C098 ) 

OOlcOOlS 3 

; 001d0200 3 

; 0020e408 ) 

: OOldOOlO 3 

; 0020e018 

[ 00892080 3 

^ 00894088 3 

( ^ 


169 

















































































































































Name I 

Value 1 

|144ns 1 

146 ns 1 

148 ns 1 

150 ns 1 

152 ns 1 

154 ns 1 

156 ns 1 

158 ns 1 

160 ns 

T }li IF/ID Register 

0 

1 









elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ ^ Inputs 

irqp.a 

0 










irqp b 

0 










14 irqp.c 

0 










^ ^ instruction_< 

2001000 a 

344C0000 ; 

: 012a682a ) 

( 0149702a ] 

[ 292f0004 3 

( 29500004 3 

c 8C110000 3 

J ac0b0004 

( 1000000a 3 

; 000 c 

p- ^ instruction,! 

2001000 a 

1 344C0000 ; 

; 012a682a ) 

( 0149702a ] 

J 292f0004 ) 

( 29500004 : 

( 8c110000 3 

J ac0b0004 3 

1000000a 3 

: QQQC 

^ ^ instruction_( 

2001000 a 

'i 344C0000 : 

: 012a682a ) 

( 0149702a ) 

: 292f0004 3 

( 29500004 : 

( 8C110000 3 

; ac0b0004 3 

( 1000000a 3 

; 000 c 

P- ^ pc4_addr_a[: 

00000004 

00000044 : 

J 00000048 ) 

( 0000004c : 

: 00000050 ) 

( 00000054 3 

( 00000058 3 

J 0000005c 3| 

00000060 3 

: QQQC 

^ ^ pc4_addr_b[: 

00000004 

00000044 ; 

[ 00000048 ) 

( 0000004c : 

[ 00000050 3 

( 00000054 3 

( 00000058 3 

; 0000005c 3 

( 00000060 3 

; 000 c 

1^ ^ pc4_addr_cp 

00000004 

00000044 : 

: 00000048 ) 

( 0000004c : 

: 00000050 3 

( 00000054 3 

( 00000058 3 

; 0000005c 3 

00000060 3 

: QQQC 

^ ^ jump_addr_c 

00040028 

01300000 : 

[ 04a9a0a8 ) 

( 0525c0a8 ) 

( 04bc0010 3 

( 05400010 3 

( 00440000 3 

002C0010 3| 

( 00000028 3 

; 000 c 

p- ^ jump_addr_k 

00040028 

01300000 ; 

; 04a9a0a8 ) 

( 0525c0a8 ] 

J 04bc0010 3 

( 05400010 3 

( 00440000 3 

i 002C0010 3 

( 00000028 3 

: QQQC 

^ jump addr c 

00040028 

01300000 ; 

' 04a9a0a8 ) 

( 0525c0a8 ] 

[ 04bc0010 3 

( 05400010 3 

( 00440000 3 

; 002C0010 

( 00000028 3 

; 000 c 

▼ ^j' Outputs 

firqp a 

0 










firqp b 

0 










firqp.c 

0 










1^ ^ finstruction. 

00000000 

304)ffff : 

J 344C0000 ) 

( 012a682a ] 

J 0149702a 3 

( 292f0004 3 

( 29500004 3 

I 8c110000 3 

( ac0b0004 3 

: IQQC 

^ ^ finstruction. 

00000000 

304bflff ; 

: 344C0000 ) 

( 012a682a ) 

( 0149702a 3 

( 292f0004 3 

( 29500004 3 

J 8C110000 3 

( ac0b0004 3 

; iooc 

► ^ finstruction. 

00000000 

304)ffff : 

: 344C0000 ) 

( 012a682a ] 

: 0149702a 3 

( 292f0004 3 

( 29500004 3 

J 8C110000 3 

( ac0b0004 3 

: IQQC 

^ ^ fpc4_addr_a| 

00000000 

00000040 : 

: 00000044 ) 

( 00000048 ; 

[ 0000004c 3 

( 00000050 3 

( 00000054 3 

J 00000058 3 

( 0000005c 3 

; oooc 

► ^ fpc4_addr_b 

00000000 

00000040 : 

J 00000044 ) 

( 00000048 : 

: 0000004c 3 

( 00000050 3 

( 00000054 3 

J 00000058 3 

( 0000005c 3 

: 000c 

^ ijj fpc4_addr_c[ 

00000000 

00000040 ) 

: 00000044 ) 

( 00000048 ) 

( 0000004c 3 

( 00000050 3 

( 00000054 3 

[ 00000058 3 

( 0000005c 3 

: oooc 

► ^ fjump_addr_ 

00000000 

oi2ffffc : 

J 01300000 ) 

( 04a9a0a8 ] 

J 0525c0a8 3 

( 04bc0010 3 

( 05400010 3 

J 00440000 3 

( 002C0010 3 

: oooc 

^ ^ fjump_addr_ 

00000000 

oi 2 ffffc ; 

[ 01300000 ) 

( 04a9a0a8 ] 

[ 0525c0a8 3 

( 04bc0010 3 

( 05400010 3 

J 00440000 3 

( 002C0010 3 

: oooc 

► ^ fjump_addr_ 

00000000 

012fFffc : 

J 01300000 ) 

( 04a9a0a8 ; 

J 0525c0a8 3 

( 04bc0010 3 

( 05400010 3 

^ 00440000 3 

( 002C0010 3 

: oooc 

Name 11 Value I 

|160ns 1 

162 ns 1 

164 ns 1 

166 ns 1 

168 ns 1 

170 ns 1 

l^ ns , 

174 ns 1 

176 ns 

▼ ^ IF/ID Register 

0 

1 









elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

irqp a 

0 










1^ irqp.b 

0 










14 irqp.c 

0 










^ ^ instructionj 

2001000 a 


00000000 


J 1422000a 3 


00000000 


[ la20000a 3 

; 000 

^ ^ instruction,! 

2001000 a 


00000000 


J 1422000a 3 


00000000 


^ la20000a 3 

; 000 

^ ^ instruction,( 

2001000 a 


00000000 


[ 1422000a 3 


00000000 


^ la20000a 3 

; 000 

^ ^ pc4,addr,a[: 

00000004 

00000064 ) 

; 00000068 ) 

[ 0000006c 3 

^ 0000008c 3 

; 00000090 3 

: 00000094 

; 00000098 

^ 000000b8 3 

; 000 

^ *1^ pc4_addr_b[: 

00000004 

00000064 ) 

00000068 ) 

; 0000006c j 

J 0000008c 3 

; 00000090 3 

[ 00000094 

; 00000098 

^ 000000b8 3 

; 000 

^ ^ pc4,addr,cp 

00000004 

00000064 ) 

; 00000068 ) 

[ 0000006c J 

[ 0000008c 3 

[ 00000090 3 

; 00000094 

; 00000098 

^ OOOOOObS 3 

; 000 

^ ^ Jump,addr,c 

00040028 


00000000 


^ 00880028 3 


00000000 


^ 08800028 3 

; 000 

^ ^ jump_addr_k 

00040028 


00000000 


J 00880028 3 


00000000 


^ 08800028 3 

; 000 

^ ^ jump addr c 

00040028 


00000000 


[ 00880028 3 


00000000 


J 08800028 3 

; 000 

T Outputs 

firqp.a 

0 










firqp b 

0 










14 fifqp_c 

0 










^ ^ finstruction. 

00000000 

1000000a ) 


00000000 


; 1422000a 3 


00000000 


; la2 

^ ^ finstruction. 

00000000 

1000000a ) 


00000000 


[ 1422000a 3 


00000000 


; la2 

► ^ finstruction. 

00000000 

[; 1000000a ) 


00000000 


; 1422000a 3 


00000000 


; la2 

^ ^ fpc4,addr,a| 

00000000 

[; 00000060 ) 

; 00000064 ) 

; 00000068 ; 

; 0000006c 3 

; 0000008c 3 

[ 00000090 

; 00000094 

^ 00000098 3 

; 000 

^ ^ fpc4_addr_b 

00000000 

00000060 ) 

; 00000064 ) 

; 00000068 ; 

0000006c 3 

; 0000008c 3 

; 00000090 

; 00000094 

^ 00000098 3 

; 000 

► fpc4,addr,c[ 

00000000 

[; 00000060 ) 

; 00000064 ) 

: 00000068 ; 

; 0000006c 3 

; 0000008c 3 

; 00000090 

; 00000094 

[ 00000098 3 

; 000 

► ^ fjump,addr. 

00000000 

[; 00000028 ) 


00000000 


00880028 3 


00000000 


; 088 

^ ^ fjump.addr. 

00000000 

00000028 ) 


00000000 


00880028 3 


00000000 


; 088 

^ ^ fjump,addr. 

00000000 

00000028 ) 


00000000 


00880028 3 


00000000 


; 088 


170 
















































































































































Name I 

Value 1 

|176ns 1 

178 ns 1 

180 ns 1 

182 ns 1 

184 ns 1 

186 ns 1 

188 ns 1 

190 ns 1 

192 ns 

▼ ^ IF/ID Register 

0 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

irqp a 

0 










irqp b 

0 










14 irqp.c 

0 










^ ijj instruction_£ 

2001000a 

1 :' 

00000000 


: 04a0000a ) 


00000000 


^ 0441000a ) 

; OOC 

^ instruction.! 

2001000a 


00000000 


^ 04a0000a ) 


00000000 


J 0441000a ) 

; 00c 

^ instruction_( 

2001000a 

l: 

00000000 


J 04a0000a ) 


00000000 


; 0441000a ) 

[ OOC 

^ ^ pc4_addr_a[: 

00000004 

OOOOOObc ) 

J OOOOOOcO ) 

J OOOOOOC4 ) 

f 000000e4 ) 

: OOOOOOeS ) 

: OOOOOOec ) 

: OOOOOOfO ) 

[ 00000110 ) 

: OOC 

> ^ pc4_addr.b[; 

00000004 

OOOOOObc ) 

^ OOOOOOcO J 

J 000000C4 ) 

^ ooooooe4 ; 

^ OOOOOOeS ; 

^ OOOOOOec ) 

[ oooooofO ; 

[ 00000110 ) 

; OOC 

^ pc4_addr_cp 

00000004 

OOOOOObc ) 

: OOOOOOcO ) 

J 000000C4 ) 

: 00000064 ) 

J OOOOOOeS ) 

: OOOOOOec ) 

J OOOOOOfO ) 

J 00000110 ) 

( OOC 

^ jump_addr_c 

00040028 


00000000 


^ 02800028 ; 


00000000 


[ 01040028 ; 

( OOC 

^ ^ Jump_addr_t 

00040028 


00000000 


: 02800028 ) 


00000000 


[ 01040028 3 

[ OOC 

^ ^ Jump_addr_c 

00040028 


00000000 


^ 02800028 ; 


00000000 


^ 01040028 3 

; OOC 

▼ Outputs 

H firqp.a 

0 










firqp.b 

0 










H Iirqp_c 

0 










► ^ finstruction. 

00000000 

la20000a J 


00000000 


^ 04a0000a ) 


00000000 


; 04^ 

^ 1^ finstruction. 

00000000 

la20000a ) 


00000000 


^ 04a0000a ) 


00000000 


^ 04^ 

► ^ finstruction. 

00000000 

la20000a ) 


00000000 


^ 04a0000a ) 


00000000 


; 04^ 

► fpc4_addr_a| 

00000000 

OOOOOObS ) 

^ OOOOOObc ; 

^ OOOOOOcO ; 

^ 000000C4 ) 

J 000000e4 ) 

^ OOOOOOeS ) 

^ OOOOOOec ; 

^ OOOOOOfO 3 

; OOC 

► ^ fpc4_addr_b 

00000000 

OOOOOObS ) 

: OOOOOObc ) 

f OOOOOOcO ) 

: 000000C4 ) 

J 00000064 ) 

[ OOOOOOeS ) 

: OOOOOOec ) 

[ OOOOOOfO 3 

: OOC 

^ in fpc4_addr_c[ 

00000000 

OOOOOObS ) 

^ OOOOOObc ; 

^ OOOOOOcO ) 

^ 000000C4 ; 

^ 00000064 ) 

^ OOOOOOeS ) 

[ OOOOOOec ) 

; oooooofO 3 

; OOC 

► fjump_addr_ 

00000000 

08800028 3 


00000000 


J 02800028 ) 


00000000 


( QIC 

► ^ fjump_addr_ 

00000000 

( 08800028 ) 


00000000 


f 02800028 ) 


00000000 


: QIC 

^ ^ fjump_addr_ 

00000000 

f; 08800028 ; 


00000000 


^ 02800028 ) 


00000000 


^ QIC 


Name 1 

1 Value 

1 

|192 ns 

194 ns 1 

196 ns 1 

198 ns 1 

200 ns 

202 ns 

204 ns 1 

206 ns 

208 ns 

▼ ^1 IF/ID Register 

0 


1 









elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ ]li’ Inputs 

irqp a 

0 










irqp b 

0 










14 irqp.c 

0 










^ instructionj 

2001000 

i:; 

00000000 


: IcSOOOOa 3 


00000000 


J 8c00afc4 3 

: 8c00 

^ ^ instruction.! 

2001000 

2001000 

( 

00000000 


: IcSOOOOa 3 


00000000 


[ 8c00afc4 3 

: 8c00 

^ ^ instruction.( 

( 

00000000 


: IcSOOOOa 3 


00000000 


J 8c00afc4 3 

; 8c00 

^ ^ pc4.addr.a[: 

0000000 

( 00000114 3 

; 00000118 3 

: 0000011c 3 

f 0000013c 3 

: 00000140 3 

: 00000144 3 

: 00000148 3 

f 00000168 3 

^ OOOC 

^ pc4.addr.b[: 

0000000 

( 00000114 ) 

; 00000118 3 

: 0000011c 3 

: 0000013c 3 

J 00000140 3 

J 00000144 3 

: 00000148 3 

: 00000168 3 

( OOOC 

^ ^ pc4.addr.c[5 

0000000 

( 00000114 

; 00000118 3 

: 0000011c 3 

f 0000013c 3 

: 00000140 3 

J 00000144 3 

: 00000148 3 

[ 00000168 3 

: OOOC 

^ ij[f jump.addr.c 

0004002 

( 

00000000 


^ 02000028 3 


00000000 


J 0002bfl0 3 

; 000: 

^ jump.addr.l: 

00040028 

( 

00000000 


: 02000028 3 


00000000 


: 0002bfl0 3 

^ OOP] 

1^ jump.addr.c 

00040028 

( 

00000000 


: 02000028 3 


00000000 


J 0002bfl0 3 

; OOP] 

T ^1 Outputs 

T|| firqp.a 

0 











firqp.b 

0 










firqp.c 

0 










^ finstruction. 

00000000 

s: 0441000a 


00000000 


: IcSOOOOa 3 


00000000 


^ 8cOC 

^ ^ finstruction. 

00000000 

( 0441000a 3 


00000000 


[ IcSOOOOa 3 


00000000 


; 8coc 

^ ijH finstruction. 

00000000 

( 0441000a 


00000000 


: IcSOOOOa 3 


00000000 


; scoc 

^ ^ fpc4.addr.a| 

00000000 

( 00000110 3 

; 00000114 3 

00000118 3 

; 0000011c 3 

[ 0000013c 3 

: 00000140 3 

: 00000144 3 

^ 00000148 3 

; OOOC 

► ^ fpc4.addr.b 

00000000 

( 00000110 

; 00000114 

: 00000118 

; 0000011c 3 

: 0000013c 3 

[ 00000140 3 

: 00000144 3 

[ 00000148 3 

; OOOC 

► ^ fpc4.addr.c[ 

00000000 

( 00000110 3 

; 00000114 

00000118 3 

; 0000011c 3 

J 0000013c 3 

: 00000140 3 

: 00000144 3 

^ 00000148 3 

; OOOC 

► ^ fjump.addr. 

00000000 

( 01040028 3 


00000000 


: 02000028 3 


00000000 


; 000: 

^ ^ fjump.addr. 

00000000 

( 01040028 3 


00000000 


02000028 3 


00000000 


; 000: 

► ^ fjump.addr. 

00000000 

( 01040028 3 


00000000 


02000028 3 


00000000 


; 000: 


171 






















































































































































Name I 

Value 1 

|208 ns 1 

210 ns 1 

212 ns 1 

214 ns 1 

216 ns 1 

218 ns 1 

220 ns 1 

222ns 1 

224 ns 

T ^ IF/ID Register 

0 

1 









elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ ^ Inputs 

irqp a 

0 










irqp.b 

0 










14 irqp.c 

0 










^ instruction_c 

2001000a 

f: 8c0057e4 ) 


00000000 


^ 08000000 ) 


00000000 


200 

^ i||| instruction_l 

2001000a 

i; 8c0057e4 ) 


00000000 


^ 08000000 ) 


00000000 


; 200 

^ ^ instruction,* 

2001000a 

( 8c0057e4 ) 


00000000 


J 08000000 ) 


00000000 


; 200 

^ ■!! pc4.addr_a[: 

00000004 

0000016c ) 

J 00000170 

; 00000174 ) 

; 00000178 ) 

^ 0000017c ) 

; 00000180 ) 

; 00000184 ) 

; 00000188 ) 

; 000c 

^ pc4_addr_b[; 

00000004 

0000016c ) 

J 00000170 

; 00000174 ) 

; 00000178 ) 

^ 0000017c ) 

; 00000180 ) 

; 00000184 ) 

; 00000188 ) 

( 000 c 

► pc4_addr_cp 

00000004 

0000016c ) 

J 00000170 

[ 00000174 ) 

: 00000178 J 

^ 0000017c 

; 00000180 ; 

; 00000184 ) 

; 00000188 ) 

( 000c 

^ *1^ jump_addr_c 

0004002B 

00015f90 ) 




00000000 




; 000' 

1^ ^ Jump_addr_t 

0004002B 

00015f90 ) 




00000000 




( 000- 

^ jump_addr_c 

0004002B 

00015f90 ) 




00000000 




; 000- 

▼ Outputs 

H firqp_a 

0 










1|| firqp.b 

0 










14 Iirqp_c 

0 










^ finstruction. 

00000000 

8c00afc4 ) 

J 8c0057e4 


00000000 


[ 08000000 ) 


00000000 


► finstruction. 

00000000 

8c00afic4 ) 

J 8c0057e4 


00000000 


; 08000000 ) 


00000000 


^ ^ finstruction. 

00000000 

8c00aft:4 ) 

J 8c0057e4 ) 


00000000 


; 08000000 ) 


00000000 


p- ^ fpc4_addr_a| 

00000000 

00000168 ) 

( 0000016c i 

; 00000170 ) 

[ 00000174 ) 

J 00000178 ) 

; 0000017c ) 

; 00000180 ) 

: 00000184 ) 

oooc 

► ^ fpc4_addr_b 

00000000 

00000168 ) 

[ 0000016c ) 

; 00000170 ) 

[ 00000174 ) 

^ 00000178 ) 

; 0000017c ) 

; 00000180 ; 

[ 00000184 ) 

( 000 c 

► ^ fpc4_addr_c[ 

00000000 

00000168 ) 

( 0000016c i 

; 00000170 ; 

[ 00000174 ) 

^ 00000178 ) 

; 0000017c ) 

; 00000180 ; 

[ 00000184 ) 

000c 

► ^ fjump_addr_ 

00000000 

0002bfl0 ) 

[ 00015f90 i 




00000000 




1^ ^ fjump_addr_ 

00000000 

( 0002bfl0 ) 

; 00015f90 i 




00000000 




► ^ fjump_addr_ 

00000000 

< 0002bfl0 ) 

i 00015f90 ^ 




00000000 


— 

_ 


Name I 

1 Value 1 

|224 ns , 

226 ns , 

2^ ns , 

2^ ns , 

232 ns , 

234 ns , 

2^ ns , 

2^ ns , 

240 ns 

▼ IF/ID Register 

0 

1 









elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ ^i’ Inputs 

irqp a 

0 










irqp b 

0 










14 irqp.c 

0 










^ ^ instruction,^ 

2001000a 

i; 2001000a 

^ 2002fFf0 ) 

[ 0000 

)000 ) 

[ 00221824 ) 

f 00222025 ) 

[ 00222827 ) 

: 00223026 3 

^ 20c 

^ ijj instruction,! 

2001000a 

< 2001000a ) 

; 2oo2fffio ; 

^ 0000 

)ooo ; 

[ 00221824 ) 

: 00222025 ) 

^ 00222827 ) 

[ 00223026 3 

; 20c 

^ instruction,* 

2001000a 

f 2001000a ) 

; 2002fffD ) 

[ 0000 

)000 ) 

[ 00221824 ) 

: 00222025 ) 

^ 00222827 ) 

: 00223026 3 

( 20c 

^ ^ pc4,addr_a[; 

00000004 

1; 00000004 ) 

; 00000008 ; 

^ 0000000c ) 

^ 00000010 ; 

[ 00000014 ; 

^ 00000018 ) 

[ 0000001c 3 

[ 00000020 3 

; OOC 

^ ^ pc4,addr,b[: 

00000004 

i 00000004 ) 

; 00000008 ) 

[ 0000000c ) 

: 00000010 ) 

[ 00000014 ) 

: 00000018 ) 

J 000000 ic 3 

: 00000020 3 

; OOC 

^ ^ pc4,addr,c[’ 

00000004 

00000004 ) 

; 00000008 ) 

[ 0000000c ) 

: 00000010 ; 

[ 00000014 ) 

^ 00000018 ) 

[ 0000001c 3 

^ 00000020 3 

; OOC 

^ jump,addr_c 

0004002B 

[; 00040028 ) 

; ooobffirf) ) 

J 0000 

)000 ) 

J 00886090 ) 

^ 00888094 ) 

J 0088a09c 3 

^ 0088C098 3 

; 00: 

^ ^ jump,addr,k 

00040028 

[; 00040028 ) 

; OOObffcO ) 

: 0000 

)000 ) 

: 00886090 ) 

: 00888094 ) 

: 0088a09c 3 

: 0088C098 3 

^ 00] 

^ jump,addr,c 

00040028 

00040028 ) 

; OOObffcO ; 

; 0000 

)000 ) 

[ 00886090 ) 

[ 00888094 ) 

[ 0088a09c 3 

[ 0088C098 3 

; 003 

T Outputs 

H firqp,a 

0 

1 









firqp_b 

0 










H firqp,c 

0 










finstruction. 

00000000 

00000000 ) 

; 2001000a ) 

; 2002fffi0 ) 

^ 0000 

)000 ) 

^ 00221824 ) 

[ 00222025 3 

[ 00222827 ) 

; 00: 

P> ^ finstruction. 

00000000 

00000000 ) 

; 2001000a ) 

2002fff0 

[ 0000 

)000 ) 

: 00221824 ) 

[ 00222025 

J 00222827 3 

; 00; 

► finstruction. 

00000000 

1 00000000 ) 

2001000a ) 

; 2002fff0 

0000 

1000 ) 

[ 00221824 ) 

[ 00222025 

00222827 3 

; 00 : 

^ ^ fpc4,addr_a| 

00000000 

1; 00000188 ) 

; 00000004 ) 

; 00000008 

0000000c ) 

00000010 ] 

: 00000014 3 

( 00000018 

; 000000 ic 

; 00 c 

^ ^ fpc4,addr,b 

00000000 

i; 00000188 ) 

; 00000004 ) 

; 00000008 

; 0000000c ) 

[ 00000010 ) 

^ 00000014 ) 

J 00000018 

; 000000 ic 

; 00 c 

► ^ fpc4,addr_c[ 

00000000 

f; 00000188 ) 

; 00000004 ) 

; 00000008 i 

; 0000000c ) 

; 00000010 ) 

: 00000014 

; 00000018 3 

; 0000001c 

; 00 c 

^ ^ fjump,addr_ 

00000000 

[ 00000000 ) 

; 00040028 ) 

; OOObffcO ;:i 

; 0000 

1000 

[ 00886090 ) 

; 00888094 

0088a09c 

; oo£ 

► ^ fjump,addr_ 

00000000 

[ 00000000 ) 

00040028 ) 

( OOObffcO ) 

0000 

DOOO 

; 00886090 ) 

; 00888094 3 

; 0088a09c ) 

; ooE 

^ ^ fjump,addr_ 

00000000 

1 00000000 ) 

; 00040028 ) 

OOObffcO i 

; 0000 

3000 

; 00886090 

00888094 

; 0088a09c 

; OOE 


172 


















































































































































Name I 

Value 1 

|240 ns 1 

242 ns 1 

244 ns 1 

246 ns 1 

248 ns 1 

250 ns 1 

252 ns 1 

254 ns 1 

256 ns 

▼ ^ IF/ID Register 

0 

1 









ljl elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ ^j" Inputs 

14 irqp.a 

0 










irqp b 

0 










1|| irqp.c 

0 










^ instruction_< 

2001000a 

20070006 ) 

: 00074080 ) 

J 00083902 J 

^ 00074004 ; 

[ 00083806 3 

[ 00224820 3 

: 00225022 3 

; 304bffFf ) 

; 344 

^ instruction,! 

2001000a 

20070006 ) 

( 00074080 ) 

^ 00083902 ) 

^ 00074004 ) 

^ 00083806 3 

[ 00224820 3 

[ 00225022 3 

: 304bffff j 

; 344 

^ instruction_( 

2001000a 

20070006 ) 

: 00074080 ) 

J 00083902 ) 

^ 00074004 ) 

^ 00083806 3 

J 00224820 3 

; 00225022 3 

; 304bffff ) 

; 344 

HJ pc4_addr_a[: 

00000004 

00000024 ) 

: 00000028 ) 

: 0000002 c 3 

J 00000030 ) 

J 00000034 3 

: 00000038 3 

[ 0000003c 3 

; 00000040 j 

; OOP 

^ ^ pc4_addr_b[: 

00000004 

00000024 ) 

: 00000028 ) 

: 0000002 c ) 

^ 00000030 ) 

[ 00000034 3 

: 00000038 3 

[ 0000003c 3 

[ 00000040 3! 

: OOP 

^ Hlf pc4_addr_cp 

00000004 

00000024 ) 

: 00000028 ) 

: 0000002 c ) 

J 00000030 ) 

J 00000034 3 

^ 00000038 3 

; 0000003c 3 

; 00000040 3l 

; OOP 

^ ^ jump_addr_c 

00040028 

OOlcOOlS ) 

: 001 d 0200 ) 

: 0020e408 J 

[ OOldOOlO ) 

^ 00206018 3 

f 00892080 3 

[ 00894088 3 

: 012 ffffc ) 

; 013 

1 ^ Ijl jump_addr_t 

00040028 

OOlcOOlS ) 

( 001 d 0200 ) 

J 0020e408 ) 

^ OOldOOlO ) 

^ 00206018 3 

[ 00892080 3 

; 00894088 3 

; 012 ffffc 

; 013 

^ jump_addr_c 

00040028 

OOlcOOlS ) 

; 001 d 0200 ) 

: 00206408 J 

^ OOldOOlO ; 

^ 00206018 3 

[ 00892080 3 

; 00894088 3 

: oi 2 ffffc 

; 013 

▼ Outputs 

14 firqp.a 

0 










firqp_b 

0 










14 firqp_c 

0 










^ ^ finstruction. 

00000000 

00223026 ) 

( 20070006 ) 

J 00074080 J 

J 00083902 ; 

^ 00074004 3 

[ 00083806 3 

; 00224820 3 

; 00225022 i 

; 30- 

► ^ finstruction. 

00000000 

00223026 ) 

' 20070006 ) 

j 00074080 ; 

^ 00083902 ) 

^ 00074004 3 

^ 00083806 3 

; 00224820 3 

; 00225022 ) 

; 30- 

► ^ finstruction. 

00000000 

00223026 ) 

: 20070006 ) 

: 00074080 3 

J 00083902 3 

J 00074004 3 

J 00083806 3 

[ 00224820 3 

; 00225022 ) 

; 30^ 

^ ^ fpc4_addr_al 

00000000 

00000020 ) 

; 00000024 ) 

: 00000028 ) 

J 0000002 c ) 

: 00000030 3 

J 00000034 3 

[ 00000038 3 

[ 0000003c ) 

: OOP 

► fpc4_addr_b 

00000000 

00000020 ) 

: 00000024 ) 

: 00000028 ) 

^ 0000002 c 3 

^ 00000030 3 

^ 00000034 3 

: 00000038 3 

; 0000003c ) 

; OOP 

► ^ fpc4_addr_c[ 

00000000 

00000020 ) 

: 00000024 ) 

J 00000028 J 

^ 0000002 c 3 

[ 00000030 3 

[ 00000034 3 

[ 00000038 3 

; 0000003c 

; OOP 

1 ^ ^ fjump_addr. 

00000000 

0088C098 ) 

; OOlcOOlS ) 

J 001 d 0200 ) 

^ 00206408 3 

^ OOldOOlO 3 

[ 00206018 3 

; 00892080 3 

; 00894088 

; 01: 

► fjump_addr_ 

00000000 

i; 0088C098 ) 

; OOlcOOlS ) 

( 001 d 0200 ) 

J 00206408 3 

^ OOldOOlO 3 

[ 00206018 3 

; 00892080 3 

; 00894088 i 

; 01: 

^ ^ fjump_addr_ 

00000000 

[; 0088C098 ) 

: OOlcOOlS ) 

: 001 d 0200 3 

[ 00206408 3 

[ OOldOOlO 3 

^ 00206018 3 

[ 00892080 3 

[ 00894088 j 

: 01: 


1 Name 1 

1 Value 1 

| 2 Kns , 

2 K ns , 

260 ns 1 

262 ns , 

264 ns 1 

266 ns , 

2 M ns 

2 TO ns , 

2 ^ns 

T ^ IF/ID Register 

0 

1 









1^ elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

H irqp.a 

0 










irqp b 

0 










irqp.c 

0 










^ instruction.! 

2001000 a 

( 344C0000 3 

t 012a682a 

; 0149702a 3 

: 292fD004 3 

[ 29500004 3 

: 8 C 110000 3 

[ ac0b0004 3 

[ 1000000 a 3 

; oooc 

^ ^ instruction.! 

2001000 a 

( 344COOOO ) 

; 012a682a 3! 

[ 0149702a 3 

J 29210004 3 

^ 29500004 3 

: sciioooo 3 

; ac0b0004 3 

J 1000000 a 3 

; ooo( 

^ ijj instruction.c 

2001000 a 

( 344C0000 ) 

012a682a j 

[ 0149702a 3 

[ 292f0004 3 

[ 29500004 3 

[ Sciioooo 3 

[ ac0b0004 3 

: 1000000 a 3 

: ooo( 

► ^ pc4_addr.a[: 

00000004 

( 00000044 ) 

00000048 j 

: 0000004c 3 

: 00000050 3 

[ 00000054 3 

: 00000058 3 

[ 0000005c 3 

J 00000060 3 

; ooo( 

^ *11 pc4.addr_b[; 

00000004 

( 00000044 ) 

; 00000048 ) 

[ 0000004c 3 

[ 00000050 3 

[ 00000054 3 

: 00000058 3 

[ 0000005c 3 

[ 00000060 3 

: ooo( 

^ ^ pc4.addr.cp 

00000004 

( 00000044 3 

; 00000048 j 

; 0000004c 3 

: 00000050 3 

^ 00000054 3 

: 00000058 3 

; 0000005c 3 

[ 00000060 3 

; oooc 

^ BU jump.addr.c 

0004002B 

( 01300000 3 

04a9a0a8 3* 

: 0525c0a8 3 

f 04bc0010 3 

J 05400010 3 

[ 00440000 3 

; 002 C 0010 3 

[ 00000028 3 

; oooc 

^ 1 ^ jump.addr.t 

0004002B 

( 01300000 3 

( 04a9a0a8 ) 

0525c0a8 3 

[ 04bc0010 3 

J 05400010 3 

; 00440000 3 

; 002 C 0010 3 

[ 00000028 3 

; ooo( 

^ iy jump.addr.c 

0004002B 

( 01300000 3 

; 04a9a0a8 ) 

; 0525c0a8 3 

^ 04bc0010 3 

^ 05400010 3 

; 00440000 3 

; 002 C 0010 3 

[ 00000028 3 

; oooc 

T Outputs 

H firqp.a 

0 










firqp.b 

0 










1|| firqp.c 

0 










^ finstruction. 

00000000 

i:' 304bffff 3 

; 344C0000 3i 

012a682a 3 

: 0149702a 3 

[ 292f0004 3 

[ 29500004 3 

[ Sciioooo 3 

[ ac0b0004 3 

: ioo( 

^ finstruction. 

00000000 

( 304bffff 3 

; 344C0000 3i 

012a682a 3 

: 0149702a 3 

^ 292fl)004 3 

[ 29500004 3 

[ Sciioooo 3 

^ ac0b0004 3 

: ioo( 

^ ijg finstruction. 

00000000 

( 304bffff 3 

f 344C0000 ) 

; 012a682a 3 

: 0149702a 3 

J 292f0004 3 

: 29500004 3 

[ Sciioooo 3 

[ ac0b0004 3 

: ioo( 

P- ^ fpc4.addr_a| 

00000000 

( 00000040 3 

f 00000044 ) 

; 00000048 3 

0000004c 3 

J 00000050 3 

[ 00000054 3 

; 00000058 3 

[ 0000005c 3 

; ooo( 

► ^ fpc4.addr.b 

00000000 

( 00000040 3 

; 00000044 31 

00000048 3 

0000004c 3 

J 00000050 3 

; 00000054 3 

; 00000058 3 

[ 0000005c 3 

; oooc 

1^ fpc4.addr.c[ 

00000000 

( 00000040 3 

( 00000044 ) 

; 00000048 3 

0000004c 3 

J 00000050 3 

: 00000054 3 

; 00000058 3 

J 0000005c 3 

; oooc 

► fjump.addr. 

00000000 

( 012 ffffc 3 

; 01300000 31 

04a9a0a8 

0525c0a8 3 

; 04bc0010 3 

[ 05400010 3 

; 00440000 3 

^ 002C0010 3 

; oooc 

^ ^ fjump.addr. 

00000000 

( 012 ffffc 3 

01300000 31 

; 04a9a0a8 3 

; 0525c0a8 3 

; 04bc0010 3 

[ 05400010 3 

[ 00440000 3 

J 002C0010 3 

; oooc 

► ^ fjump.addr. 

00000000 

( 012 ffffc 3 

; 01300000 3i 

3 04a9a0a8 

0525c0a8 3 

; 04bc0010 

: 05400010 3 

; 00440000 3 

J 002C0010 3 

; oooc 


173 



















































































































































Name I 

Value 1 

|272ns 1 

274 ns 1 

276 ns 1 

278 ns 1 

280 ns 1 

282 ns 1 

284 ns 1 

286 ns 1 

288 ns 

T IF/ID Register 

0 

1 









elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ ^ Inputs 

irqp a 

0 










irqp b 

0 










14 irqp.c 

0 










^ ^ instruction_< 

2001000a 


00000000 


: 1422000a 


00000000 


( la20000a ) 

( oooc 

^ instruction_l 

2001000a 


00000000 


J 1422000a 


00000000 


( la20000a ) 

( 000( 

^ ^ instruction_( 

2001000a 

I; 

00000000 


J 1422000a 


00000000 


( la20000a ) 

( oooc 

^ ii|^ pc4_addr.a[: 

00000004 

00000064 ; 

[ 00000068 ) 

^ 0000006c ) 

: 0000008c 

; 00000090 ; 

; 00000094 ; 

[ 00000098 ; 

( oooooobs : 

( oooc 

^ pc4_addr_b[; 

00000004 

00000064 ; 

[ 00000068 ) 

^ 0000006c ) 

( 0000008c i 

; 00000090 ) 

; 00000094 ) 

; 00000098 ; 

( oooooobs ; 

( oooc 

^ ii|f pc4_addr_c[H 

00000004 

00000064 ; 

^ 00000068 ) 

^ 0000006c ) 

[ 0000008c j 

; 00000090 ) 

; 00000094 ) 

; 00000098 j 

( oooooobs ; 

( oooc 

^ jump_addr_c 

00040028 


00000000 


[ 00880028 j 


00000000 


( 08800028 ; 

( oooc 

^ Jump_addr_t 

00040028 


00000000 


[ 00880028 j 


00000000 


( 08800028 ; 

( oooc 

!► ^ jump addr c 

00040028 


00000000 


[ 00880028 


00000000 


( 08800028 ) 

( oooc 

T Outputs 

H firqp.a 

0 










firqp b 

0 










H firqp.c 

0 










^ ^ finstruction_ 

00000000 

1000000a ) 


00000000 


[ 1422000a ) 


00000000 


( 1^ 

► ^ finstruction_ 

00000000 

1000000a ) 


00000000 


[ 1422000a J 


00000000 


( la2C 

^ 1|^ finstruction_ 

00000000 

1000000a ) 


00000000 


: 1422000a ) 


00000000 


( 

^ ^ fpc4_addr_a| 

00000000 

00000060 ) 

^ 00000064 ) 

: 00000068 ^ 

: 0000006c j 

; 0000008c ) 

[ 00000090 ) 

^ 00000094 ; 

00000098 

( oooc 

► ^ fpc4_addr_b 

00000000 

00000060 ) 

: 00000064 ) 

: 00000068 ^ 

: 0000006c 

[ 0000008c ) 

: 00000090 ) 

: 00000094 ; 

{ 00000098 

( oooc 

^ ^ fpc4_addr_c[ 

00000000 

00000060 ; 

^ 00000064 ) 

: 00000068 ) 

J 0000006c 

; 0000008c ) 

; 00000090 ) 

[ 00000094 ) 

( 00000098 

( oooc 

► ^ fjump_addr_ 

00000000 

00000028 ) 


00000000 


[ 00880028 ) 


00000000 


( oM 

^ ^ fjump_addr_ 

00000000 

[; 00000028 ; 


00000000 


[ 00880028 ) 


00000000 


( 088C 

► ^ fjump_addr_ 

00000000 

i; 00000028 J 


00000000 


; 00880028 ) 


00000000 


( Q88C 

Name || Value I 

|288ns ^ 

290 ns 1 

292ns 1 

294 ns 1 

296 ns 1 

298 ns 1 

300 ns 1 

302 ns 1 

304 ns 

▼ ^ IF/ID Register 

0 

1 









elk 

1 1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

irqp a 

0 










14 irqp.b 

0 










14 irqP-C 

0 










^ instruction,! 

2001000a 


00000000 


: 04a0000a ) 


00000000 


J 0441000a 

; OQQi 

^ ^ instruction,! 

2001000a 

[; 

00000000 


: 04a0000a ] 


00000000 


[ 0441000a ) 

: 0001 

^ instruction_( 

2001000a 

i' 

00000000 

) 

[ 04a0000a ] 


00000000 

) 

[ 0441000a ) 

; 0001 

^ pc4,addr,a[: 

00000004 

OOOOOObc 

OOOOOOcO ) 

; OOOOOOC4 ) 

[ 00000064 ) 

; OOOOOOeS ) 

: OOOOOOec ) 

; oooooofO ) 

[ 00000110 ) 

; 0001 

1^ ^ pc4_addr,b[: 

00000004 

[; OOOOOObc 

OOOOOOcO ) 

; OOOOOOC4 ) 

[ 00000064 ) 

; OOOOOOeS ) 

: OOOOOOec ) 

' oooooofo ) 

[ 00000110 ) 

; 0001 

pc4_addr_cp 

00000004 

OOOOOObc j 

OOOOOOcO ) 

; OOOOOOC4 ) 

^ 00000064 ) 

[ OOOOOOeS ) 

J OOOOOOec ) 

; oooooofo ) 

^ 00000110 ) 

; 0001 

^ ^ jump,addr,c 

00040028 

[; 

00000000 


J 02800028 ) 


00000000 


J 01040028 

; 0001 

^ ^ jump,addr,t 

00040028 


00000000 


J 02800028 ) 


00000000 


J 01040028 

; 0001 

^ ^ jump addr c 

00040028 

i: 

00000000 


: 02800028 ) 


00000000 


f 01040028 ) 

; 0001 

▼ Outputs 

14 firc|p,a 

0 










firqp b 

0 










H firqp.c 

0 










^ i|| finstruction. 

00000000 

la20000a 


00000000 


; 04a0000a ) 


00000000 


; 044 

^ im finstruction. 

00000000 

la20000a 


00000000 


[ 04a0000a ) 


00000000 


044 

^ finstruction. 

00000000 

[: la20000a ) 


00000000 


[ 04a0000a ) 


00000000 


; w 

^ ^ fpc4,addr,a| 

00000000 

[; 000000 b8 ; 

; OOOOOObc ) 

OOOOOOcO ) 

; OOOOOOC4 ) 

; 000000e4 ) 

[ OOOOOOeS ) 

; OOOOOOec ) 

oooooofo ) 

: 0001 

► ^ fpc4,addr,b 

00000000 

[; oooooobs 

OOOOOObc ) 

; OOOOOOcO ) 

: 000000C4 ) 

[ 00000064 ) 

^ OOOOOOeS ) 

; OOOOOOec ) 

; oooooofo ) 

0001 

► "IS fpc4,addr_c[ 

00000000 

[; oooooobs 

; OOOOOObc ) 

; OOOOOOcO ) 

: OOOOOOC4 ) 

; 00000064 ) 

^ OOOOOOeS 

OOOOOOec ) 

oooooofo ) 

; 0001 

► fjump_addr. 

00000000 

[; 08800028 ) 


00000000 


: 0^0028 ) 


00000000 


; 010' 

^ ^ fjump.addr. 

00000000 

08800028 


00000000 


02800028 ) 


00000000 


; 010' 

► ^ fjump_addr. 

00000000 

1; 08800028 ; 


00000000 


; 02800028 ) 


00000000 


010- 


174 


















































































































































Name I 

Value 1 

|304ns 1 

306 ns 1 

308 ns 1 

310 ns 1 

312 ns 1 

314 ns 1 

316 ns 1 

318 ns 1 

3^ns 

▼ ^ IF/ID Register 


1 









elk 

0 


1 1 

1 

1 

1 

1 

1 

1 

1 

1 

▼ ^l' Inputs 

irqp a 

0 










irqp b 

0 










14 irqP.c 

0 










^ B|^ instructionj 

2001000a 

t; 

00000000 


: IcSOOOOa 3 



00000000 



^ Ijlf instruction.! 

2001000a 

t: 

00000000 


[ IcSOOOOa 3 



00000000 



^ ^ instruction_< 

2001000a 


00000000 


[ IcSOOOOa 3 



00000000 



^ ii|j pc4_addr_a[: 

00000004 

00000114 ) 

[ 00000118 J 

; 00000 lie 3 

^ 0000013c 3 

[ OOOOafbS 3 

( OOOOafbc 3; 

OOOOafcO 3 

0000afc4 

( 00c 

th pc4_addr_b[; 

00000004 

00000114 ) 

; 00000118 3 

[ 00000 lie 3 

^ 0000013c 3 

J OOOOafbS 3 

J OOOOafbc 3; 

OOOOafcO 

0000afc4 

( QOC 

^ pc4_addr_c[H 

00000004 

00000114 ) 

[ 00000118 3 

[ 00000 lie 3 

: 0000013c 3 

[ OOOOafbS 3 

{ OOOOafbc 3 ! 

OOOOafcO 3 

0000afc4 3 

QOC 

^ ^ Jump_addr_c 

0004002B 


00000000 


: 02000028 3 



00000000 



^ ^ jump_addr_t 

00040028 


00000000 


: 02000028 3 



00000000 



^ ^ jump addr c 

00040028 


00000000 


[ 02000028 3 



00000000 



▼ ^|‘ Outputs 

firqp a 

0 











TQl firqp b 

0 










14 firqp.c 

0 










^ finstruction_ 

00000000 

0441000a ) 


00000000 


^ IcSOOOOa 3 


0000 

)000 


► *19 finstruction. 

00000000 

0441000a ) 


00000000 


[ IcSOOOOa 3 


0000 

)000 


^ ^ finstruction. 

00000000 

0441000a ) 


00000000 


[ IcSOOOOa 3 


0000 

)000 


^ *19 fpc4_addr_a| 

00000000 

00000110 ) 

[ 00000114 3 

; 00000118 3 

: 0000011 c 3 

[ 0000013c 3 

( OOOOafbS 3( 

OOOOafbc 3 

OOOOafcO 

( QOC 

th - *19 fpc4_addr_b 

00000000 

00000110 ) 

; 00000114 3 

[ 00000118 3 

J 0000011 c 3 

J 0000013c 3 

^ OOOOafbS 3! 

OOOOafbc 3 

OOOOafcO 

( QOC 

^ *19 fpc4_addr_c[ 

00000000 

00000110 ) 

; 00000114 3 

[ 00000118 3 

[ 0000011 c 3 

[ 0000013c 3 

[ OOOOafbS 3; 

OOOOafbc 3 

OOOOafcO 3 

00c 

^ *19 fjump_addr_ 

00000000 

01040028 ) 


00000000 


[ 02000028 3 


0000 

)000 


► ^ fjump_addr_ 

00000000 

01040028 ) 


00000000 


[ 02000028 3 


0000 

)000 


^ *19 fjump_addr_ 

00000000 

01040028 J 


00000000 


[ 02000028 3 


0000 

>000 











332 ns 1 

334 ns 1 

336 ns 

Name I 

1 Value 


. 1 

. 1 

|326 ns 1 1 

|328 ns ^ 1 

330 ns 1 

▼ % IF/ID Register 



1 



1 1_ 

] 

1 1_ 

] 

1 1_ 

] 







14 elk 

0 



1 




1 

1 

1 

1 

▼ Inputs 











irqp.a 

0 



irqp.b 

0 









14 irqp.c 

0 









^ *19 instruction.af 

J1:C 

2001000a 

00000000 ;i 

8c00afc4 3 

: 8cl257e4 3 


00000000 


3: 08000000 

: 00000000 


^ ^ lnstruction_b[31:( 

2001000a 

00000000 ;i 

8c00afc4 3 

; 8cl257e4 3 


00000000 


3; 08000000 

; 00000000 


^ instruction_c[31:0 

2001000a 

00000000 

8c00afc4 3 

[ 8cl257e4 3 


00000000 


3; 08000000 

; 00000000 

*19 pc4.addr.a^l:0] 

00000004 

OOOOafcS :i 

00000168 3 

; 0000016c 3 

[ 00000170 3 

: 00000174 3 

[ 00000178 

3; 0000017c 

; 00000180 

► *19 pc4_addr_bpi:0] 

00000004 

OOOOafcS 

; 00000168 

; 0000016c 3 

J 00000170 3 

[ 00000174 3 

; 00000178 

3; 0000017c 

; 00000180 

► ^ pc4_addr_c31:0] 

00000004 

OOOOafcS ) 

00000168 3 

; 0000016c 3 

00000170 3 

[ 00000174 3 

; 00000178 

3; 0000017c 

; 00000180 


^ ^ jump_addr_a31:0 

00040028 

00000000 

0002 bfl0 3 

; 00495fOO 



00000000 




^ ^ jump_addr_bpi:C 

00040028 

00000000 ) 

0002 bfl0 3 

; 00495f90 3 



00000000 



^ *19 Jump_addr_c31:0 

00040028 

00000000 :i 

; 0002bfl0 

; 00495f90 3 



00000000 



▼ ^j" Outputs 











14 ^ifRP.a 

0 



firqp.b 

0 









14 IifdP_e 

0 









^ finstruction.a 

[31: 

00000000 

0000c 

000 

( 8c00afc4 3 

; 8cl257e4 3 


00000000 


; 08000000 3 

^ *19 finstruction.bpi: 

00000000 

0000c 

000 3 

( 8c00afc4 3 

( 8cl257e4 3 


00000000 


; 08000000 3 

^ ■|9 finstruction_cpi:i 

00000000 

0000c 

000 3 

; 8c00afc4 3 

; 8cl257e4 3 


00000000 


08000000 3 

p. ^ fpc4_addr_api:0] 

00000000 

ooooafc4 ;; 

OOOOafcS 3 

; 00000168 3 

; 0000016c 3 

[ 00000170 3 

; 00000174 

3[ 00000178 

; 0000017c 3 

^ i|9 fpc4_addr_bpi:0] 

00000000 

0000afc4 

OOOOafcS 3 

; 00000168 3 

0000016c 3 

[ 00000170 3 

[ 00000174 

3; 00000178 

; 0000017c 

► *0 fpc4_addr_cpi:0] 

00000000 

0000afc4 

OOOOafcS 

; 00000168 

; 0000016c 3 

; 00000170 3 

; 00000174 

3; 00000178 

; 0000017c 3 

► *19 fjump_addr_a 

31, 

00000000 

ooooc 

000 3 

( 0002 bfl0 3 

( 00495f90 3 


ooot 

JDOOO 


^ ^ fjump_addr_bpi: 

00000000 

0000c 

000 

0002 bfl0 3 

0049 5f90 3 


000 ( 

)D000 


^ ^ fjump_addr_cpi:( 

00000000 

ooooc 

000 3 

; 0002 bfl0 3 

; 0049 5f90 3 


ooot 

)D000 



175 



























































































































































r, 


ID STAGE 


Name 

Value 1 

0 ns 1 



6 ns 1 

8 ns 1 

10 ns 1 

12 ns 1 

14ns 1 

16 ns 

▼ )K| ID Stage 

0 










'b 

-1 

-1 

-1 

-1 

-1 

-1 

-1 


▼ Inputs 

irqp_a 

0 










T|l wr_en_a 

0 










^ iH inst_a[31:0] 

00000000 

00000000 ; 

; 2001000a ) 

( 2002fffi0 ) 

; 0000 

)000 ) 

: 00221824 5 

: 00222025 ) 

; 00222827 ) 

; 002 

^ i|] Jump_addr_c 

00000000 

00000000 ; 

; 00040028 ) 

J OOObffcO ) 

; 0000 

)000 ) 

: 00886090 ^ 

' 00888094 ) 

[ 0088a09c 3 

( QOS 

^ ^ npc_addr_a[: 

00000000 

00000000 ; 

: 00000004 ) 

J 00000008 ) 

; 0000000c ) 

: 00000010 ; 

f 00000014 ) 

' 00000018 ) 

[ 0000001c 3 

[ OOC 

^ i|j wr_addr_a[4: 

0 





; 1 y 

; 2 ) 



[ 

^ i||f wr data a 31 

00000000 


0000 

>000 


[ 0000000a ) 

: OOOOfffO ^ 


00000000 


T Outputs 

0 










H falusrc.a 



fbeq_a 

0 










fbgez a 

0 










fbgz a 

0 










fblez a 

0 










H fblz_a 

0 










fbne_a 

0 










firqp.a 

0 










fjump_a 

0 










fmemread.a 

0 










fmemtoregj 

0 










IJl fmcmwrite_a 

0 










H fregdst.a 

0 










fregwrite.a 

0 










^ ^ faluop_a3:0; 

0 


0 




; 2 ) 

; 3 ) 

' 5 3 

!, 

► ^ freg_la[4:0] 

0 

; 0 ) 

; 1 ) 

; 2 ) 

; c 






► "IS freg_2a[4:0] 

0 

; c 


:! 31 ) 

; c 


; 3 ) 


; 5 3 

[ 

^ HU fshamt_a[4:0 

0 

c 


; 31 ) 



c 




^ half_word_e 

00000000 

00000000 ) 

; 0000000a ) 

oooofffo ) 

; 0000 

3000 ) 

; 00001824 ) 

00002025 j 

00002827 3 

[ 00c 

^ ^ read_data_li 

00000000 



00000000 



X 


3000000a 


^ ^ read_data_2i 

00000000 



00000000 



X 


OOOOfffO 


► ^ fjump_addr_ 

00000000 

00000000 ) 

: 00040028 ) 

: OOObffcO ) 

: 0000 

3000 ) 

; 00886090 ) 

: 00888094 1 

: 0088a09c 3 

^ 00£ 

^ fnpc_addr_a 

00000000 

00000000 ) 

; 00000004 ) 

00000008 ) 

0000000c ) 

00000010 ) 

; 00000014 ) 

00000018 j 

000000 ic 3 

^ OOC 


1 Name I 

1 Value 1 

|16ns 1 

18 ns 1 

20 ns 1 

22 ns 1 

24 ns 1 

26 ns 1 

28 ns 1 

30 ns 1 

32 ns 

T ^'ilD Stage 

0 

1 









B elk 

1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 


▼ ^j" Inputs 

irqp_a 

0 










H wr_en_a 

0 










^ iikf inst_a31:0] 

00000000 

00223026 3 

: 20070006 3 

: 00074080 

[ 00083902 ) 

J 00074004 3 

[ 00083806 3 

[ 00224820 3 

: 00225022 3 

( 30 

^ ^ jump_addr_c 

00000000 

0088C098 ) 

; 001C0018 3 

^ 001d0200 3 

; 00206408 ) 

[ OOldOOlO ) 

; 0020e018 3 

; 00892080 3 

; 00894088 3 

[ 01 

^ ^ npc_addr_a[: 

00000000 

00000020 3 

: 00000024 3 

: 00000028 3 

; 0000002c ) 

[ 00000030 3 

; 00000034 3 

[ 00000038 3 

: 0000003c 3 

; OOC 

^ wr_addr_a[4: 

0 

3 ) 

4 ) 

£ 5 3 

: 6 ) 

£ 7 ) 

; 8 3 

£ 7 3 

' 8 3 


^ i\|f wr data a3I 

00000000 

00000000 

OOOOfffa 3 

J ffffooos 

; OOOOfffa ) 

^ 00000006 3 


OOOOl 

)000 


W Outputs 

0 










l|l falusrc a 



H fbeq_a 

0 










fbgez a 

0 










fbqz a 

0 










H fblez.a 

0 










fbiz a 

0 










H fbne.a 

0 










H firqp_a 

0 










fjump_a 

0 










fmemread.a 

0 










H fmemtoreg_£ 

0 










H fmemwrite_a 

0 










fregdst_a 

0 










H fregwrite_a 

0 










^ faluop_a3:0; 

0 

; 4 ) 

( 0 3 

( 7 3 

( 9 3 

6 3 

: 8 3 

; 0 3 

; 1 3 


► ^ freg_la[4:0] 

0 

2 3 



( 8 3 

( 7 3 

: 8 3 



; 

^ *0 freg.2a[4:0] 

0 

{ 6 ) 

( 0 3 

( 8 3 

( 7 1 8 3 

; 7 3 

; 9 3 

; 10 3 


^ 10 fshamt_a[4:0 

0 

0 


( 2 3 

( ^ 





^ ^ half_word_e 

00000000 

t:; 00003026 3 

( 00000006 3 

( 00004080 3 

( 00003902 3 

( 00004004 3 

[ 00003806 3 

[ 00004820 3 

[ 00005022 3 

; 00 

^ i0 read_data_li 

00000000 

OOOOOOOa 

X 


0000 

3000 


X 

OOOOOOOa 


^ ^ read_data_2i 

00000000 

OOOOfffO 

X 

0000 

3000 

X 0000 

)006 X 0000 

)ooo X 

OOOOfffO 


► fjump_addr_ 

00000000 

t; 0088C098 3 

( 001 CO 018 3 

( 001d0200 3 

( 0020e408 3 

( OOldOOlO 3 

; 0020e018 3 

; 00892080 3 

; 00894088 3 

; 01 

^ fnpc_addr_a 

00000000 

( 00000020 

( 00000024 3 

( 00000028 3 

( 0000002c 3 |; 00000030 3 | 

00000034 3 

[ 00000038 3 

[ 0000003c 3 

: 00c 


176 
































































































































































Name I 


p?-.. 1.... 

34 ns 1 

36 ns 1 

38 ns 1 

40 ns 1 

42 ns 1 

44ns 1 

46 ns 1 

48ns 

W )liilD Stage 










If, elk 

1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 


▼ Inputs 

irqp.a 










wr_en_a 










^ ^ inst_a[31:0] 

< 304bffff ) 

; 344C0000 ) 

: 012a682a ) 

: 0149702a ) 

f 29210004 ) 

: 29500004 ) 

[ ScllOOOO ) 

[ ac0b0004 ) 

; IOC 

jump_addr_c 

00000000 

t;' 0i2ffffc ) 

; 01300000 

04a9a0a8 ) 

: 0525c0a8 ) 

^ 04bc0010 ) 

; 05400010 ) 

; 00440000 ) 

^ 002C0010 ) 

; 00 c 

^ npc_addr_a[; 

00000000 

t; 00000040 ) 

; 00000044 J 

: 00000048 ) 

' 0000004c ) 

J 00000050 ) 

[ 00000054 ) 

' 00000058 ) 

J 0000005c ) 

; 00 c 

^ ^ wr_addr_a[4: 

0 

*; 7 ) 

J 9 ) 

; 10 ) 

; 11 ) 

t 12 ) 

; 13 ) 

' 14 ) 

f 15 ) 

; 

^ wr data a3I 

00000000 

00000000 ) 

; OOOOfffa ) 

; ffffOOla 

; oooc 

ffPO ) 

; 00000001 ) 


00000000 


▼ ^j' Outputs 

0 










H falusrc_a 







l|l fbeq a 

0 










fbqez a 

0 









H fbgz_a 

0 










fblez a 

0 










fbiz a 

0 










fbne_a 

0 










firqp.a 

0 










fjump_a 

0 










fmemread_a 

0 










fmemtoreg_c 

0 










fmemwrite_a 

0 









— 

14 fregdst_a 

0 








H fregwrtte_a 

0 










^ ^ faluop_a[3:0; 

0 

; 2 ) 

( 3 ) 






0 


► m freg_la[4:0] 

0 

11 ) 

( 12 ) 

; 10 ) 

; 9 ; 

; 15 ) 

; 16 ) 

; 17 ; 

; 11 ) 


► ^ freg_2a[4:0I 

0 

31 ) 

t 0 ) 

; 13 ) 

; 14 ; 



0 



^ ^ fshamt_a[4;0 

0 

31 ) 




c 





^ ^ half_word_e 

00000000 

ooooffff ) 

; 00000000 ) 

; 0000682a ) 

; 0000702a ; 

; 0000 

1004 ) 

; 00000000 ; 

; 00000004 ) 

; 00c 

^ ^ read_data_li 

00000000 

00000000 

00000000 

00000000 

iioono V 

OOOOfffO 

X oooc 

fffe X fffft 

Ola X OOOC 

fffa X ffffC 

Ola X 

00000000 


^ read_data_2< 

DuCiOfffO X 

00000000 

X fffft 

Ola X OOOC 

fffe X 

0000 

1000 

X oooc 

fffO 

^ ^ fjump_addr_ 

f: 0i2ffffc ) 

( 01300000 ) 

^ 04a9a0a8 ) 

; 0525c0a8 ) 

; 04bc0010 ) 

; 05400010 ) 

^ 00440000 ) 

[ 002C0010 ) 

; 00 c 

► fnpc_addr_a 

00000040 ) 

; 00000044 ) 

J 00000048 ) 

: 0000004c ) 

; 00000050 ) 

; 00000054 ) 

J 00000058 ) 

^ 0000005c ) 

; 00 c 


1 Name I 

1 Value 1 

|48ns 1 

50 ns 1 

52 ns 1 

54ns 1 

56 ns 1 

58 ns 1 

60 ns ^ 

62 ns 1 

64 ns 

▼ IK 1 ID Stage 


1 









1p elk 

0 


1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 


▼ K' Inputs 

irqp.a 

0 










H wr.en.a 

0 










^ ^ inst_aE31:0] 

00000000 

1000000a ) 


00000000 


^ 1422000a ) 


00000000 


[ la2 

^ ^ jump.addr.c 

00000000 

00000028 


00000000 


; 00880028 ) 


00000000 


; 088 

^ npc.addr.ap 

00000000 

[; 00000060 ) 

00000064 ;i 

; 00000068 ) 

0000006c ) 

0000008c ) 

00000090 ) 

: 00000094 ) 

: 00000098 ) 

[ OOC 

1^ ^ wr_addr_a[4: 



16 ) 

; 17 ) 

11 ) 





: 2 ) 


^ wr data a[31 

00000000 

00000000 ) 

; ffffffff j 

00000004 ) 


0000 

1000 


' OOOOfffa ; 

[ ooc 

T ]K Outputs 

falusrc.a 

0 











H fbeq_a 

0 










fbgez a 

0 









fbqz a 

0 










fblez a 

0 










l|l fbiz.a 

0 









H fbne.a 

0 










firqp.a 

0 






1 




H fjump.a 

0 










fmemread.a 

0 










H fmemtoreg.t 

0 










H fmemwrite.a 

0 










H fregdst.a 

0 










H fregwrite.a 

0 










^ i|j faluop_a[3:0; 

0 

0 ) 


7 


; 0 ) 


7 



► M freg_la[4:0] 

0 





; 2 ) 

( 




► "B freg_2a[4:0] 

0 





0 





^ KS fshamt_a[4:0 

0 





0 





^ ^ haif.word.e 

1 


1 

0000000a ) 


00000000 


: OOOOOOOa ) 

( 

00000000 


; OOC 

^ iB read.data.li 



10000000 


X 0000 

OOOa X 

0000 

1000 


^ ^ read_data_2i 

L'ooowo X 


00000000 


X OOOC 

IfffO X 


10000000 


^ ^B fjump.addr. 

f,; 00000028 ) 


00000000 


00880028 ) 

( 

00000000 


; 08S 

► ^ fnpc.addr.a 

[; 00000060 ;; 

00000064 

( 00000068 ;; 

0000006c ; 

; 0000008c 

( 00000090 ) 

00000094 

; 00000098 ; 

; ooc 


177 


















































































































































































' ^'IlD stage 
i p elk 

▼ Inputs 

irqp_a 

"L^ wr_en_a 
^ lllf inst_a[31:0] 
^ ^ Jump_addr_c 

► npc_addr_a[; 
^ ^ wr_addr_a[4: 
^ ^ wr_data_a[31 

▼ ]lb Outputs 

falusrc_a 
l|l fbeq_a 
fbgez.a 
fbgz_a 
ljl fblez_a 
fblz_a 
H fbne_a 
ljl firqp.a 
fjump_a 

H fmemread_a 
fmemtoreg < 
fmemwrite_a 
fregdst a 
fregwrite_a 
^ ifj faluop_a[3;0; 

► ^ freg.la[4:0] 
^ ^ freg_2a[4:0] 

► ^ fshamt_a[4:0 
^ ^ half_word_e 
^ iij^ read_data_li 
p- ^ read_data_2i 

► ^ fjump_addr_ 
^ fnpc_addr_a 


' ltl^|lD Stage 
elk 

▼ ^i’ Inputs 

irqp.a 

wr_en_a 

^ i|f inst_a|31:0] 

► ^ jump_addr_c 
^ ^ npe_addr_a[: 

► wr_addr_a[4: 
^ ^ wr_data_a[3] 

▼ ^j" Outputs 

falusre.a 
fbeq_a 
fbgez_a 
fbgz.a 
fblez_a 
l|l fblz_a 
fbne_a 
firqp a 
fjump_a 
fmemread_a 
14 fmemtoreg i 
fmemwrite_a 
14 fregdst_a 
fregwrite_a 
^ 1|0 faluop_a[3:0; 

► ^ freg_la[4:0] 

► ^ freg_2a[4:0] 

► fshamt_a[4:0 

^ half_word_e 

^ read_data_li 

ijS read_data_2i 

► ^ fjump_addr_ 
^ i|f fnpe_addr_a 



. 

66 ns 1 

68 ns 1 

70 ns 1 

72 ns 1 

74 ns 1 

76 ns 1 

78 ns 1 

80 ns 










1 

1 

1 

1 

1 

1 

1 

1 




















la20000a ) 


00000000 


; 04a0000a 3 


00000000 


[ 04^ 

08800028 ; 


00000000 


: 02800028 3 


00000000 


; 01c 

OOOOOObS ) 

: OOOOOObc ) 

^ OOOOOOcO ) 

[ 000000C4 ) 

; 000000e4 3 

; 00000068 3 

J 0000006C 3 

[ OOOOOOfO ) 

; 00c 

; 




0 






00000000 


[ ffffffff ) 


00000000 


( ffffooos ) 

: 00c 





























































































































; 0 


7 


' 0 3 


7 






0 










0 









0 





: OOOOOOOa 


00000000 


[ OOOOOOOa 3 


00000000 


[ 00c 

i?0000... X ffff 

W X 

0000 

)000 

X ffffC 

005 X 

0000 

)000 





c 

0000000 





: 08800028 ) 


00000000 


[ 02800028 3 


00000000 


[ 01c 

OOOOOObS ) 

; OOOOOObc ) 

: OOOOOOcO ) 

; 000000C4 ) 

[ 00000064 3 

: 00000068 3 

: 0000006C 3 

; OOOOOOfO 3 

j 00c 

P?':'. 

82 ns 1 

84ns 1 

86 ns 1 

88ris 1 

90rw 1 

92ris , 

94 ns 1 

96 m 

1 









^ 1 

1 

1 

1 

1 

1 

1 

1 




















0441000a ; 


00000000 


; IcSOOOOa 3 


00000000 


[ 8cC 

01040028 ) 


00000000 


[ 02000028 3 


00000000 


[ OOC 

00000110 ; 

; 00000114 ; 

: 00000118 ) 

^ 0000011c 3 

; 0000013c 3 

: 00000140 3 

J 00000144 3 

[ 00000148 3 

: OOC 


0 


[ 1 : 



0 




00000000 


[ 00010004 3 


00000000 


^ OOOOfFfe ) 

[ OOC 









— 















































































— 



































0 ) 

V 

7 


0 3 


7 



: 1 ) 

( 











0 









0 






OOOOOOOa ,) 


00000000 


{ OOOOOOOa 3 


00000000 


( OOC 

noonn V OOOC 

'fffa X 

0000 

DOOO 

X ooo( 

fffa X 


DOOOOOOO 


00000 X 0000' 

DOOa X 




DOOOOOOO 




01040028 ) 


00000000 


( 02000028 3 


00000000 


( OOC 

t;' 00000110 1 00000114 ) 

( 00000118 ) 

( 0000011c 3 

; 0000013c 3 

; 00000140 3 

( 00000144 3 

; 00000148 3 

( 000 


178 






























































































































































































Name 

Value 1 

|96 ns 1 

98 ns 1 

100 ns 1 

102 ns 1 

104 ns 1 

106 ns 1 

108 ns 1 

110 ns 1 

112 ns 

▼ ID Stage 

0 

1 









1 p elk 

1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 


▼ Inputs 

irqp.a 

0 










1 ft wr.en.a 

0 










!► inst_a[31:0] 

00000000 

8c00afc4 ) 

; 8c0057e4 ) 


00000000 


: 08000000 ) 


00000000 


^ m jump_addr_c 

00000000 

0002 bfl0 ) 

; 00015f90 ) 




00000000 




^ ^ npc_addr_ap 

00000000 

[; 00000168 ) 

: 0000016c ) 

J 00000170 

[ 00000174 ) 

J 00000178 ) 

: 0000017c ) 

; 00000180 ) 

00000184 ) 

; ooc 

► ^ wr_addr_a[4: 

0 





0 





^ ii|j wr data a[3I 

00000000 


00000000 


' 00000055 ) 

[ 0000 

)ooo ; 

J 00000055 ) 

00001 

)000 

▼ ^j' Outputs 

0 










1 ft falusrc a 



1 ft fbeq a 

0 








1 ft fbgez.a 

0 










1 ft fbqz a 

0 










1 ft fblez a 

0 










1 ft fblz_a 

0 










1 ft fbne_a 

0 










1 ft firqp_a 

0 










1 ft fjump_a 

0 










1 ft fmemread.a 

0 










1 ft fmemtoreg_i 

0 










1 ft fmemwrite_a 

0 








1 ft fregdst.a 

0 










1 ft fregwrite_a 

0 










^ ^ faluop_a[3:0; 

0 




7 


: 0 ) 


7 


► freg.la[4:0] 

0 





0 





► ^ freg.2a[4:0] 

0 

; 21 ) 

' 10 ) 




0 




^ ijg fshamt_a[4:0 

0 

3 





0 




^ ^ half_word_e 

00000000 

0000afc4 ) 

J 000057e4 ) 




00000000 




^ read_data_l; 

00000000 


00000000 


X 0000 

)055 X 

00000000 

X 0000 

)055 X 

lOOOOOQ 

^ ^ read_data_2i 

00000000 


00000000 


X 0000 

)055 X 

00000000 

X 0000 

5055 X 

lOOOOOQ 

^ ^ fjump_addr_ 

00000000 

0002 bfl0 ) 

J 00015f90 ) 




00000000 




► fnpc_addr_a 

00000000 

00000168 ) 

^ 0000016c ) 

; 00000170 ) 

^ 00000174 ) 

' 00000178 ) 

; 0000017c ) 

J 00000180 ) 

; 00000184 ; 

; ooc 


Name I 

1 Value 1 

. 

114 ns 1 

116 ns 1 

118 ns 1 

120 ns 1 

mns 

124 ns 1 

126 ns 1 

128 ns 

W }li'i ID Stage 

0 

1 









Tft elk 

1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 


▼ ^i" Inputs 

1 ft irqp_a 

0 










1 ft wr_en_a 

0 










^ ^ inst_api:0] 

00000000 

00000000 ) 

J 2001000a ) 

{ 2002ffR) ) 

: 0000 

)000 J 

[ 00221824 3 

: 00222025 3 

[ 00222827 3 

; 002 

^ ^ jump_addr_c 

00000000 

00000000 ) 

; 00040028 ; 

OOObffcO ) 

: 0000 

)000 ) 

; 00886090 3 

; 00888094 3 

^ 0088a09c 3 

; OOE 

^ ^ npc_addr_a[: 

00000000 

!; 00000188 ) 

; 00000004 ; 

; 00000008 

: 0000000c ) 

[ 00000010 3 

[ 00000014 3 

[ 00000018 3 

[ 0000001c 3 

; ooc 

^ ^ wr_addr_a[4: 

0 


0 



' 1 / 

; 2 3 




^ i||| wr data alBI 

00000000 

00000000 ) 

; 00000055 ; 

; ooool 

)000 ) 

^ 0000005f 3 

; oooofffo 3 

[ 0000 

)000 3 

; ooc 

T Outputs 

0 










1ft falusrc a 



1ft fbeq_a 

0 










1 ft fbqez a 

0 










1ft fbqz a 

0 










1ft fblez.a 

0 










1ft fbiz a 

0 










1ft fbne.a 

0 










1ft firqp_a 

0 










1ft fjump_a 

0 










1ft fmemread_a 

0 










1ft fmemtoreg_i 

0 










1ft fmemwrite_a 

0 










1ft fregdst_a 

0 










1ft fregwrite_a 

0 










^ faluop_a[3:0; 

0 

7 ) 

[ c 




; 2 ) 

' 3 3 

( 5 ) 


► m freg_la[4:0] 

0 

0 ) 

( 1 ) 

2 ) 







► ^ freg.2a[4:0] 

0 

0 

) 

( 31 ) 



; 3 ) 

; ] 

; 5 ) 

; 

^ ^ fshamt_a[4:0 

0 

0 

1 31 ) 



c 




^ half_word_e 

00000000 

00000000 ) 

;; 0000000a ) 

; oooofffo ) 

: 0000 

DOOO ) 

: 00001824 ) 

[ 00002025 3 

00002827 ) 

; ooc 

^ read_data_l. 

00000000 

00000000 

X ooool 

3055 X 

0000 

DOOO 

X 


D000005f 


^ ^ read_data_2, 

00000000 

00000000 

X 0001! 

D004 X 000c 

fffa X 

00000000 

X 


oooofffo 


^ ^ fjump_addr. 

00000000 

00000000 ) 

[ 00040028 ) 

OOObffcO ) 

; 0000 

DOOO ) 

; 00886090 ) 

; 00888094 3 

0088a09c ) 

; 008 

► fnpc_addr_a 

00000000 

00000188 ) 

00000004 00000008 ) 

; 0000000c ) 

; 00000010 ) 

; 00000014 ) 

; 00000018 

; 0000001c ) 

; ooc 


179 




































































































































































Name I 

1 Value 1 

|128ns 1 

130 ns 1 

132 ns 1 

134 ns 1 

136 ns 1 

138ns 1 

140 ns 1 

142 ns 1 

144 ns 

T 4 ID Stage 

0 

1 









elk 

1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 


▼ ^j" Inputs 

irqp.a 

0 










H wr_en_a 

0 










^ inst_a|31:0] 

00000000 

00223026 ) 

: 20070006 ; 

^ 00074080 3 

; 00083902 ) 

[ 00074004 3 

; 00083806 3 

: 00224820 3 

; 00225022 ) 

[ 30 

^ jump_addr_c 

00000000 

f; 0088C098 ) 

[ 001C0018 ) 

: 001d0200 3 

; 0020e408 ) 

[ OOldOOlO 3 

[ 0020e018 3 

: 00892080 3 

; 00894088 ) 

[ 01 

^ ^ npc_addr_a[: 

00000000 

00000020 ) 

[ 00000024 ) 

: 00000028 3 

: 0000002c ) 

^ 00000030 3 

; 00000034 3 

: 00000038 3 

: 0000003c ) 

[ OOC 

^ wr_addr_a[4: 

0 

i:' 3 ) 

[ 4 ; 

' 5 3 

: 6 ) 

3 7 3 

[ 8 3 

^ 7 3 

: 8 ) 


^ wr data a|3] 

00000000 

00000050 ) 

[ OOOOffff ) 

: ffffoooo 3 

: ooooffef ) 

[ 00000006 3 


OOOOl 

woo 


▼ ^j" Outputs 

0 










falusrc a 



lj| fbeq a 

0 










l|i fbgez.a 

0 










fbgz a 

0 










1|| fblez a 

0 










H fblz_a 

0 










l|l fbne_a 

0 










firqp.a 

0 










H fjump_a 

0 










l|l fmemread_a 

0 










fmemtoreg_( 

0 










IJl fmemwrite_a 

0 










fregdst_a 

0 










fregwrite_a 

0 










^ faluop_ap:0; 

0 

f 4 ) 

[ 0 ) 

( 7 : 

: 9 3 

' 6 3 

: 8 3 

[ 0 3 

' 1 3 


► ^ freg.la[4:0] 

0 

2 ) 



; 8 3 

' 7 3 

; 8 3 



; 

► ^ freg_2a[4:0] 

0 

' 6 ) 

[ 0 3 

( 8 ; 

; 7 3 

[ 8 3 

[ 7 3 

[ 9 3 

[ 10 3 


^ ^ fshamt_a[4:0 

0 

0 


( 2 ; 

; ^ 3 





[ 

^ m half_word_e 

00000000 

00003026 ; 

[ 00000006 3 

( 00004080 3 

; 00003902 3 

J 00004004 3 

; 00003806 3 

; 00004820 3 

J 00005022 3 

; 00 

^ ^ read_data_l< 

00000000 

OOOOOOSf 

X 


0000 

)000 


X 

0000005f 


P- *11 read_data_2. 

00000000 

OOOOfffO 

X 

0000 

)000 

X 0000 

)006 X 0000 

woo X 

OOOOfffO 


► ^ fjump_addr_ 

00000000 

0088C098 ) 

J 001C0018 3 

( 001d0200 3 

; 0020e408 3 

J OOldOOlO 3 

; 0020e018 3 

; 00892080 3 

^ 00894088 3 

; 01 

► ^ fnpc_addr_a 

00000000 

00000020 ) 

: 00000024 3 

( 00000028 3 

; 0000002c 3 

J 00000030 3 

[ 00000034 3 

; 00000038 3 

[ 0000003c 3 

; OOC 


Name I 

1 Value 1 

|144ns 1 

146 ns 1 

148 ns 1 

150 ns 1 

152 ns 1 

154 ns 1 

156 ns 1 

158 ns 1 

160 ns 

▼ ]Ki ID Stage 

0 

1 









In elk 

1 1 

1 

- 1 

1 

1 

1 

1 

1 


▼ W Inputs 

irqp.a 

0 










H wr.en.a 

0 










^ Its inst_a[31;0] 

00000000 

304bffff ) 

J 344COOOO 3 

[ 012a682a 3 

: 0149702a ) 

i 292ft004 3 

; 29500004 3 

; 8c 110000 3 

^ ac0b0004 3 

; 10 c 

^ ^ Jump.addr.c 

00000000 

t; 0i2ffffc ) 

; 01300000 3 

[ 04a9a0a8 3 

: 0525c0a8 ) 

^ 04bc0010 3 

; 05400010 3 

[ 00440000 3 

^ 002C0010 3 

; OOC 

^ ^ npe.addr.ap 

00000000 

1; 00000040 ) 

; 00000044 3 

: 00000048 3 

: 0000004c ) 

[ 00000050 3 

: 00000054 3 

[ 00000058 3 

3 0000005c 3 

; OOC 

^ wr_addr_a[4: 

0 

7 ) 

; 9 3 

; 10 3 

: 11 ) 

; 12 3 

[ 13 3 

[ M 3 

' 15 3 


^ ijll wr data aI3] 

00000000 

00000000 ) 

; 0001004f 3 

: ffffooef 3 

: 000c 

fffO 3 

[ 00000001 3 


00000000 


▼ ^j" Outputs 

0 










falusre.a 







fbeq_a 

0 










fbqez a 

0 









fbgz.a 

0 










fblez a 

0 










T|l fbiz a 

0 










14 fbne.a 

0 










firqp.a 

0 










fjump.a 

0 










fmemread.a 

0 










fmemtoreg.c 

0 










fmemwrite.a 

0 









— 

fregdst.a 

0 








14 fregwrite.a 

0 










P- ^ faluop_a[3:0; 

0 

( 2 3 

: 3 3 


1 




0 


► freg.la[4:0] 

0 

11 ) 

; 12 3 

; 10 3 

' 9 3 

[ 15 3 

; 16 3 

[ 17 3 

[ 11 3 


► "H freg_2a[4:0] 

0 

31 3 

; 0 3 

; 13 3 

: 14 3 



0 



^ ^ fshamt.a[4:0 

0 

(: 31 ; 









^ haif.word.e 

00000000 

OOOOffff 3 

00000000 3 

; 0000682a 3 

; 0000702a 3 

[ 0000 

1004 3 

[ 00000000 3 

[ 00000004 3 

: OOC 

^ l|f read.data.li 

00000000 

bnnoo V 

OOOOfffO 

X 0001 

D04f X fFfR 

06f X 0001 

D04f X fffR 

06f X 

00000000 


P- HjJ read.data_2. 

00000000 


WOOfffO 

X fffft 

06f X 0001 

W4f X 

00000000 

X ffff 

ffff X 000( 

fffO 

► ^ fjump.addr. 

00000000 

012ffffc 3 

; 01300000 3 

; 04a9a0a8 3 

[ 0525c0a8 3 

: 04bc0010 3 

: 05400010 3 

[ 00440000 3 

[ 002C0010 3 

; OOC 

^ i|j fnpe.addr.a 

00000000 

00000040 3 

; 00000044 3 

; 00000048 3 

; 0000004c 3 

[ 00000050 3 

[ 00000054 3 

[ 00000058 3 

[ 0000005c 3 

; OOC 


180 





































































































































































Name I 

Value 1 

1 160 ns 1 

162 ns 1 

164 ns 1 

166 ns 1 

168 ns 1 

170 ns 1 

172 ns 

174 ns 1 

176 ns 

▼ 111' i ID Stage 


1 









elk 

0 


1 1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 


▼ ^l' Inputs 

1|| irqp.a 

0 










wr_en_a 

0 










^ BIS inst_ai31:0] 

00000000 

1000000a ) 


00000000 


: 1422000a 3 


00000000 


[ lal 

^ jump_addr_c 

00000000 

t; 00000028 ) 


00000000 


^ 00880028 3 


00000000 


; 088 

^ ^ npc_addr_a[; 

00000000 

t: 00000060 ) 

J 00000064 ) 

[ 00000068 3 

: 0000006c 3 

[ 0000008c 3 

[ 00000090 3 

[ 00000094 3 

[ 00000098 3 

: 00c 

^ 1^ wr_addr_a[4: 



>; 16 ) 

' 17 3 

[ 11 3 





' 2 3 

; 

^ ^ wr data aI3] 

00000000 

00000000 3 

J fffffiff 3 

; 00000004 3 


0000 

)000 


^ 0001004f 3 

; 00c 

T Outputs 

falusrc_a 

0 











H fbeq_a 

0 










fbgez a 

0 









fbqz a 

0 










fblez a 

0 










H fblz_a 

0 









fbne_a 

0 










firqp.a 

0 










fjump_a 

0 










fmemread_a 

0 










H fmemtoreg_( 

0 










fmemwrite_a 

0 










fregdst_a 

0 










fregwrite_a 

0 










^ faluop_a[3:0; 

0 

0 ) 


7 


[ 0 3 


7 

) 


► M freg_la[4:0] 

0 





: 2 3 





► "ti freg_2a[4:0] 

0 





0 





^ i|g fshamt_a[4:0 

0 





0 





^ ^ half_word_e 


III 

0000000a ) 


00000000 


; 0000000a 3 


00000000 

) 

; 00c 

^ read_data_li 



0000000 


X 0000 

J05f X 

0000 

)000 


P- i|fl read_data_2i 

booofm) X 


00000000 


X 000( 

fffO X 


lOOOOOOO 


► ^ fjump_addr_ 

00000028 ) 


00000000 


; 00880028 3 


00000000 

) 

; 08S 

^ ^ fnpc_addr_a 

00000060 3 

: 00000064 3 

: 00000068 3 

: 0000006c 3 

[ 0000008c 3 

[ 00000090 3 

[ 00000094 3 

: 00000098 ) 

; 00c 


Name I 

1 Value 1 

|176ns 1 

178 ns 1 

180 ns 1 

182 ns 1 

184 ns 1 

186 ns 1 

188 ns 1 

190 ns 1 

192 ns 

▼ ^ilD Stage 


1 









1b elk 

0 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 











irqp.a 

0 










H wr_en_a 

0 










P- ^ inst_api:0] 

00000000 

la20000a 3 


00000000 


J 04a0000a 3 


00000000 


; 04^ 

P Jump.addr.c 

00000000 

i; 08800028 3 


00000000 


[ 02800028 3 


00000000 


; QIC 

P ^ npc_addr_ap 

00000000 

1; OOOOOObS ) 

OOOOOObc 3 

[ OOOOOOcO 3 

[ 000000C4 3 

^ 00000064 3 

; 00000068 3 

[ OOOOOOec 3 

^ OOOOOOfO 3 

; 00 c 

P ^ wr_addr_a[4: 

0 

1; 




0 





^ wr data aPI 

00000000 


00000000 


: ffffffff 3 


00000000 


^ ffffoooo 3 

; oQc 

W ]1|' Outputs 











H falusrc.a 

0 










14 fbeq_a 

0 










IQl fbqez a 

0 










14 fbgz.a 

0 










fblez.a 

0 










l|l fbiz a 

0 










H fbne.a 

0 










firqp.a 

0 










fjump.a 

0 










H fmemread.a 

0 










H fmemtoreg_< 

0 










fmemwrite.a 

0 










H fregdst.a 

0 










H fregwrite.a 

0 










P ^ faluop_ap;0; 

0 

( 0 ) 


7 


( 0 ) 


7 

) 


^ ^ freg.la[4:0] 

0 




0 




) 


P ^ freg_2a[4:0] 

0 





0 





P ^ fshamt_a[4:0 

0 





0 





p ^ half_word_e 

00000000 

OOOOOOOa ) 


00000000 


; OOOOOOOa 3 


00000000 


; 00c 

p ^ read_data_li 

00000000 

Ooooo... X ffff 

=fff X 

0000 

DOOO 

)( ffffc 

000 X 

0000 

5000 


P ijj read_data_2i 

00000000 

1 



c 

0000000 





► fjump_addr_ 

00000000 

[; 08800028 


00000000 


; 02800028 ) 


00000000 


; QIC 

p ^ fnpc.addr.a 

00000000 

[; oooooobs ) 

OOOOOObc ) 

; OOOOOOcO 3 

; 000000C4 ) 

; 000000e4 ) 

OOOOOOeS ) 

; OOOOOOec ) 

; OOOOOOfO ) 

; 00c 


181 

























































































































































































Name I 

Value 1 

|192ns , 

194 ns 1 

196 ns 1 

198 ns 

200 ns 

202 ns 

204 ns 1 

206 ns , 

208 ns 

▼ ID Stage 

0 

1 









l|j elk 

1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 


▼ Inputs 

irqp.a 

0 










14 wr_en_a 

0 










^ i|f inst_a[31;0] 

00000000 

0441000a ) 


00000000 


^ IcSOOOOa ) 


00000000 


; 8cc 

^ ^ jump_addr_c 

00000000 

t; 01040028 ) 


00000000 


[ 02000028 5 


00000000 


; 00c 

i|j npc_addr_a[: 

00000000 

t; 00000110 ) 

J 00000114 ) 

; 00000118 ) 

: 0000011 c ) 

^ 0000013c ) 

; 00000140 3 

; 00000144 3 

^ 00000148 3 

; 00c 

^ ^ wr_addr_a[4: 

0 


0 


; 1 y 



0 



^ wr data a[3I 

00000000 


00000000 


; OOOlOOae ) 


00000000 


^ ooooffff 3 

; 00c 

▼ Outputs 

H falusrc.a 

0 









— 

H fbeq_a 

0 









fbgez a 

0 










fbgz a 

0 









H fblez_a 

0 










fbiz a 

0 










l|l fbne_a 

0 










firgp.a 

0 










fjump_a 

0 










H fmemread.a 

0 










fmemtoreg_c 

0 










fmemwrite_a 

0 









fregdst_a 

0 










H fregwrite_a 

0 










^ ^ faluop_a[3:0; 

0 

( 0 ) 


7 


[ 0 ) 


7 



► freg_la[4:0] 

0 

( 1 ) 









► •i freg.2a[4:0] 

0 




0 




) 


^ ^ fshamt_a[4:0 

0 




0 






^ ^ half_word_e 

00000000 

0000000 a ) 


00000000 


; 0000000 a ) 


00000000 

) 

; 00c 

^ read_data_l> 

00000000 

00000 .. X 0001 

D04f X 

0000 

)000 

X 000 ( 

iffff . X 


lOOOOOOO 


p - ^ read_data_2i 

|Sh 

00000... X 0000 

DOSf X 




woooooo 




^ ^ fjump_addr_ 

01040028 ) 


00000000 


; 02000028 3 


00000000 

) 

; 00c 

^ ^ fnpc_addr_a 


00000110 ) 

: 00000114 ) 

: 00000118 ) 

J 0000011c ) 

[ 0000013c 3 

: 00000140 3 

J 00000144 3 

: 00000148 ) 

; 00c 


1 Name I 

1 Value 1 

|208 ns 1 

210 ns 1 

212 ns 1 

214 ns 1 

216 ns 1 

218 ns 1 

220 ns 1 

222 ns 1 

224 ns 

▼ ^'i ID Stage 

0 

1 









In elk 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 


▼ ^l' Inputs 

irgp_a 

0 










H wr_en_a 

0 










^ ^ inst_a[31:0] 

00000000 

8c00afc4 ) 

8c0057e4 3 


00000000 


: 08000000 3 


00000000 


p> ^ jump_addr_c 

00000000 

[; 0002 bfl0 3! 

00015f90 3 




00000000 




1 ^ npc_addr_a[: 

00000000 

[; 00000168 3 

0000016c 3 

^ 00000170 

: 00000174 3 

[ 00000178 3 

: 0000017c 3 

^ 00000180 3 

; 00000184 3 

[ OOC 

^ wr_addr_a[4: 

0 





0 





1^ ^ wr data aI3] 

00000000 

i; 

00000000 


[ 00000055 ) 

J 0000 

3000 3 

: 00000055 3 

; ooool 

3000 

T Outputs 

0 










falusrc a 



H fbeg_a 

0 








fbgez a 

0 










fbgz a 

0 










H fblez.a 

0 










fbIz a 

0 










fbne_a 

0 










H firgp.a 

0 










l|l fjump_a 

0 










fmemread.a 

0 










fmemtoregj 

0 










fmemwrite_a 

0 








fregdst_a 

0 










H fregwrite_a 

0 










^ ^ faluop_a[3;0; 

0 



( 

7 


f 0 3 


7 


► ^ freg_la[4:0] 

0 





0 





► "IS freg_2a[4:0] 

0 

21 3 

; 10 3 

( 



0 




P- ijj fshamt_a[4:0 

0 

3 

1 3 f; 



0 




p ^ half_word_e; 

00000000 

0000afc4 3 

; 000057e4 X 



00000000 




P in read_data_li 

00000000 


00000000 1 

8 

0 

3055 X 

00000000 

X 0000 

3055 X 

3000000 

p ijj read_data_2< 

00000000 


00000000 1 

X 0000 

3055 X 

00000000 

X 0000 

3055 X 

3000000 

► ^ fjump_addr_ 

iiiiH 

0002 bfl0 3 

oooi5f9o i 



00000000 




p ^ fnpc_addr_a 

00000168 3 

;; 0000016c 00000 ito 3 

: 00000174 3 

; 00000178 3 

^3 0000017c 3 

00000180 3 

; 00000184 3 

; OOC 


182 



















































































































































































Name 

Value 

▼ ^ilD Stage 


In elk 

0 

▼ Inputs 


irqp_a 

0 

"L^ wr_en_a 

0 

^ lllf inst_a[31:0] 

00000000 

^ ^ Jump_addr_c 

00000000 

► npc_addr_a[; 

00000000 

^ ^ wr_addr_a[4: 

0 

^ ^ wr_data_a[3] 

00000000 

▼ ^j’ Outputs 


1|^ falusrc_a 

0 

14 fbeq_a 

0 

fbgez.a 

0 

fbgz_a 

0 

H fblez.a 

0 

fblz_a 

0 

fbne_a 

0 

firqp.a 

0 

fjump_a 

0 

fmemread_a 

0 

fmemtoregj 

0 

l|i fmemwrite_a 

0 

H fregdst_a 

0 

fregwrite_a 

0 

^ faluop_ap:0; 

0 

^ freg_la[4:0] 

0 

► M freg.2a[4:0] 

0 

^ ini fshamt_a[4:0 

0 

P- ^ half_word_e: 


^ read_data_li 


^ iiU read_data_2. 


► ^ fjump_addr_ 


^ ^ fnpc_addr_a 



1 Name I 

1 Value 1 

▼ ll'i ID stage 


elk 

0 

▼ ^ Inputs 


l|l irqp.a 

0 

14 wr_en_a 

0 

^ inst_a[31:0] 

00000000 

^ 1)^ Jump_addr_c 

00000000 

^ ^ npc_addr_a[; 

00000000 

^ wr_addr_a[4: 

0 

► ^ wr_data_ap] 

00000000 

T Outputs 


IQl falusrc_a 

0 

H fbeq_a 

0 

fbgez_a 

0 

Ijl fbgz_a 

0 

H fblez.a 

0 

fblz_a 

0 

1|| fbne_a 

0 

H firqp.a 

0 

fjump_a 

0 

fmemread_a 

0 

H fmemtoreg_< 

0 

fmemwrite_a 

0 

fregdst.a 

0 

H fregwrite_a 

0 

^ ^ faluop_ap:0; 

0 

^ freg_la[4:0] 

0 

► ^ freg.2a[4:0] 

0 

^ ^ fshamt_a[4:0 

0 

^ m half_word_e 

00000000 

^ im read_data_l; 

00000000 

^ ^ read_data_2i 

00000000 

^ ^ fjump_addr_ 

00000000 

^ fnpc_addr_a 

00000000 


224 ns 1 

226 ns 1 

228 ns 1 

230 ns 1 

232 ns 1 

234ns 1 

236 ns 1 

238 ns 1 

240 ns 










1 

1 

1 

1 

1 

1 

1 

1 




















00000000 ) 

: 2001000a ; 

: 2002fff0 ) 

^ 0000 

)ooo 3 

: 00221824 ) 

J 00222025 3 

^ 00222827 ) 

3 002 

00000000 

00040028 : 

: OOObffcO ) 

: 0000 

)ooo 3 

: 00886090 ) 

: 00888094 3 

^ 0088a09c ) 

3 00£ 

00000188 ) 

( 00000004 3 

^ 00000008 ) 

[ 0000000c 3 

; 00000010 3 

; 00000014 ) 

J 00000018 3 

[ 0000001c ) 

3 00c 


0 



; 1 3 

[ 2 ) 




00000000 

; 00000055 : 

^ 0000 

)ooo 3 

: 0000005f 3 

' OOOOfffO ) 

J 0000 

)000 ) 

3 00c 










































































































































7 3 





; 2 3 

: 3 3 

3 5 3 


0 ) 

' 1 3 

: 2 3 







0 


; 31 3 



; 3 3 

; 4 3 

3 5 3 


0 


: 31 3 







00000000 3 

f 0000000a 3 

; oooofffo 3 

' 0000 

)000 3 

; 00001824 3 

[ 00002025 3 

3 00002827 3 

3 00c 

00000000 

X 0000 

)055 X 

0000 

>000 

y 


D000005f 


00000000 

X 0001 

)0ae X 0001 

J04f X 

00000000 

X 


oooofffo 


00000000 3 

^ 00040028 3 

; OOObffcO 3 

: 0000 

>000 3 

; 00886090 3 

[ 00888094 3 

3 0088a09c 3 

3 00£ 

00000188 3 

^ 00000004 3 

[ 00000008 3 

: 0000000c 3 

^ 00000010 3 

[ 00000014 3 

; 00000018 3 

3 000000 ic 3 

3 00c 



242 ns 

244 ns 1 

246 ns 1 

2« ns , 

2W ns , , 

252 ns , 

254 ns , , 

2Kns 

|2^ ns , 









1 

1 

1 

1 

1 

1 

1 

1 





























00223026 3 

20070006 3 

: 00074080 3 

: 00083902 3 

3 00074004 3 

3 00083806 3 

3 00224820 3 

3 00225022 3 

3 30 

0088C098 3 

001C0018 3 

3 001d0200 3 

: 0020e408 3 

3 OOldOOlO 3 

3 0020e018 3 

3 00892080 3 

3 00894088 3 

3 01 

00000020 3 

00000024 3 

3 00000028 3 

3 0000002c 3 

3 00000030 3 

3 00000034 3 

3 00000038 3 

3 0000003c 3 

3 00c 

3 3 

4 3 

3 5 3 

3 6 3 

3 7 3 

3 8 3 

3 7 3 

3 8 3 


00000050 3 

; ooooffff 3 

3 ffffoooo 3 

: ooooffef 3 

3 00000006 3 


0000 

)000 











































































































































3 4 3 

3 0 3 

3 7 

3 9 

3 6 3 

3 8 3 

3 0 3 

3 1 3 


2 3 



3 8 ) 

3 7 3 

3 8 3 




6 3 

3 0 ; 

3 8 3 

3 7 3|; 8 3 

3 7 3 

3 9 3 

3 10 3 


0 


3 2 

3 4 3|:; 





00003026 3 

3 00000006 3 

3 00004080 

3 00003902 ) 

3 00004004 3 

00003806 3 

3 00004820 3 

3 00005022 3 

3 00 

0000005f 

X 


0000 

DOOO 


X 

0000005f 


oooofffo 

X 

0000 

)000 

X 0000 

1006 X 0000 

iooo X 

oooofffo 


0088C098 3 

3 001 C 0018 

001d0200 

0020e408 ) 

3 OOldOOlO 3 

3 0020e018 3 

3 00892080 3 

3 00894088 3 

3 01 

00000020 

00000024 

00000028 

0000002c 3j3 00000030 3 

3 00000034 3 

3 00000038 3 

3 0000003c 3 

3 00c 


183 





































































































































































Name 

Value 1 

prens , 

2K ns , 

2M ns , 

262 ns 1 

264 ns 1 

266 ns , 

2^ ns 1 

2TO ns , 

272 ns 

T ^ ilD Stage 

0 

1 









'o elk 

1 

- 1 

- 1 

- 1 

- 1 

- 1 

- 1 

- 1 


▼ Inputs 

1|| irqp.a 

0 










H wr_en_a 

0 










^ inst_a[31;0] 

00000000 

304bffff ) 

t 344COOOO ) 

; 012a682a ) 

^ 0149702a ) 

: 292fl)004 ) 

; 29500004 ) 

^ 8C110000 3 

; ac0b0004 3 

; 10 c 

^ Ijj Jump_addr_c 

00000000 

012ffffc ) 

; 01300000 ; 

04a9a0a8 ) 

: 0525c0a8 ^ 

' 04bc0010 ) 

[ 05400010 ) 

J 00440000 ) 

; oo 2 cooio 

; Qoc 

^ ^ npc_addr_a[: 

00000000 

00000040 ) 

; 00000044 

00000048 ) 

[ 0000004c ) 

: 00000050 ) 

: 00000054 J 

t 00000058 ) 

: 0000005c 

; 06c 

^ i|j wr_addr_a[4: 

0 

( 7 ) 

J 9 ; 

: 10 ) 

[ 11 ) 

; 12 ) 

; 13 ) 

^ 14 ) 

; 15 3 


^ i\|f wr_data. a3I 

00000000 

00000000 ) 

; oooioo4f ; 

: ffffooef ) 

[ 000( 

fffo 5 

[ 00000001 ; 


00000000 


▼ Outputs 

0 










l|l falusrc_a 







fbeq_a 

0 










fbqez a 

0 









l|l fbgz a 

0 










fblez a 

0 










H fblz_a 

0 










l|l fbne_a 

0 










1^1 firqp.a 

0 










IJi fjump_a 

0 










fmemread_a 

0 










IJl fmemtoreg_< 

0 










l|i fmemwrite_a 

0 









— 

m fregdst_a 

0 








Tjl fregwrite_a 

0 










^ faluop_a[3:0; 

0 

l: - ^ -) 

; 3 


1 




0 


► ^ freg_la[4:0] 

0 

[; 11 ) 

12 ; 

; 10 ) 

9 ) 

: 15 ) 

: 16 ) 

[ 17 3 

: 11 ) 


> freg_2a[4:0] 

0 

31 j 

: 0 

; 13 ) 

; w ) 



0 



^ ^ fshamt_a[4:0 

0 

[; 31 ) 









^ ^ half_word_e 

00000000 

[; ooooffff 

00000000 

; 0000682a ) 

; 0000702a ) 

; 0000 

D004 ) 

: 00000000 3 

: 00000004 ) 

; QOC 

^ read_data_l. 

00000000 

60000 ,.. X 

OOOOfffO 

X 0001 

O04f X ffffC 

06f X 0001 

3041 X ffW 

06f X 

00000000 


^ read_data_2i 

00000000 

1 ..- 

DOOOfffO 

X ffffi 

06f X 0001 

[)04f X 

00000000 

X ffff 

fff X 000 c 

fffo 

^ ^ fjump_addr_ 

00000000 

oi2ffffc ) 

: 01300000 ) 

J 04a9a0a8 ) 

0525c0a8 ) 

04bc0010 ) 

;; 05400010 ) 

[ 00440000 3 

: 002C0010 ) 

; 00 c 

> ^ fnpc_addr_a 

00000000 

i 00000040 ) 

: 00000044 ) 

J 00000048 ) 

; 0000004c ) 

; 00000050 ) 

; 00000054 ) 

^ 00000058 3 

: 0000005c ) 

; 00 c 


Name I 

1 Value 1 

p72ns 1 

274 ns 1 

276 ns 1 

278 ns 1 

280 ns 1 

282 ns 1 

284 ns 1 

286 ns 1 

288 ns 

▼ l|{i ID Stage 


1 









To elk 

0 


1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

irqp.a 

0 










H wr_en_a 

0 










^ inst_a[31:0] 

00000000 

1000000 a 3 


00000000 


[ 1422000a 3 


00000000 


( la2 

^ ^ jump_addr_c 

00000000 

t; 00000028 3 


00000000 


[ 00880028 3 


00000000 


; 088 

^ npc_addr_a[; 

00000000 

t; 00000060 3 

; 00000064 3 

[ 00000068 3 

: 0000006c 3 

[ 0000008c 3 

[ 00000090 3 

[ 00000094 3 

[ 00000098 3 

; QOC 

^ ^ wr_addr_a[4: 



t; 16 3 

V 17 3 

; 11 3 





^ 2 3 

; 

^ ^ wr data a3I 

00000000 

00000000 3 

ffffffff 3 

[ 00000004 3 


0000 

)000 


[ 0001004f 3 

; 00 c 

T Outputs 

IJl falusrc.a 

0 











fbeq_a 

0 










fbqez a 

0 









H fbgz.a 

0 










fblez a 

0 










Ifll fbiz.a 

0 









H fbne.a 

0 










firqp.a 

0 










fjump.a 

0 










H fmemread.a 

0 










H fmemtoreg.i 

0 










H fmemwrite.a 

0 










H fregdst.a 

0 










H fregwrite.a 

0 










P- ^ faluop.a[3;0; 

0 

0 5 


7 


; 0 ) 


7 

) 

; 

^ *0 freg.la[4:01 

0 


c 



; 2 ) 





► freg.2a[4:0] 

0 





0 





^ ^ fshamt.a[4;0 

0 





0 





^ haif.word.e 


If 

1 

0000000 a 3 


00000000 


; 0000000a ) 


00000000 

) 

; 00 c 

^ 1^ read.data.li 


c 

0000000 


X 0000 

305f X 

0000 

)000 


^ ^ read.data.2i 

booofffo X 


00000000 


X 000 c 

fffO X 


lOOOOOOO 


► ^ fjump.addr. 

00000028 3 


00000000 


; 00880028 ) 


00000000 

) 

; 088 

► ^ fnpc.addr.a 

Iq 

IQ 


00000060 3 

;; 00000064 ) 

; 00000068 ) 

; 0000006c 3 

; 0000008c ) 

; 00000090 3 

J 00000094 3 

J 00000098 ) 

; 00 c 


184 

















































































































































































Name I 

Value 1 

|288ns 1 

290 ns 1 

292 ns 1 

294 ns 1 

296 ns 1 

298 ns 1 

300 ns 1 

302 ns 1 

304 ns 

▼ 'Jti ID stage 


1 









elk 

0 


1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

irqp_a 

0 










H wr_en_a 

0 










^ ^ inst_a[31:0] 

00000000 

1; la20000 a ) 


00000000 


[ 04a0000a ) 


00000000 


; 04^ 

^ ^ jump_addr_c 

00000000 

1; 08800028 ; 


00000000 


^ 02800028 ) 


00000000 


: QIC 

^ ^ npc_addr_ap 

00000000 

t; oooooobs ] 

^ OOOOOObc ) 

; ooooooco ) 

: 000000C4 ) 

^ 00000064 ) 

[ 00000068 

; OOOOOOec 

; oooooofo 

; 00c 

^ ^ wr_addr_a[4: 



( 




0 





^ ^ wr data a3I 

00000000 


00000000 


; ffffffff ) 


00000000 


ffffOOOO 

; 00c 

▼ ^|‘ Outputs 

falusrc a 

0 











fbeq a 

0 










fbgez.a 

0 










fbqz a 

0 









IQl fblez.a 

0 










H fblz_a 

0 









fbne a 

0 










firqp a 

0 










14 fjump_a 

0 










fmemread a 

0 










fmemtoreq c 

0 










fmemwrite_a 

0 










l|l fregdst_a 

0 










H fregwrite_a 

0 










^ ^ faluop_a[3:0; 

0 

{ 0 ) 


7 


[ 0 ) 


7 



► M freg_la[4:0] 

0 




0 





; 

► "IS freg_2a[4:0] 

0 





0 





^ ijg fshamt_a[4:0 

0 





0 





^ ^ half_word_e 

00000000 

00000000 

00000000 

00000000 

00000000 

( OOOOOOOa ) 


00000000 


[ OOOOOOOa ) 


00000000 


: 00c 

^ read_data_l. 

00000 . X ffff 

w X 

0000 

)000 

X fffft 

000 X 

0000 

5000 


^ ^ read_data_2. 





0000000 





► fjump_addr_ 

08800028 ) 


00000000 


; 02800028 ) 


00000000 


; QIC 

^ ^ fnpc addr a 

00000068 ) 

' OOOOOObc ) 

: OOOOOOcO ) 

: 000000C4 ) 

[ 00000064 ) 

; OOOOOOeS ) 

[ OOOOOOec 3 

: OOOOOOfO ) 

; 00c 


|304ns 1 

306 ns , 

308 ns , 

310 ns 1 

3pns 

314 ns 1 


3^ ns 

Name I 

1 Value 1 

316 ns 1 

318 ns 1 

▼ ll' ID Stage 


1 









elk 

0 


1 

- 1 

- 1 

- 1 

- 1 

- 1 

- 1 

- 1 


▼ ^j’ Inputs 

irqp.a 

0 










H wr_en_a 

0 










^ ^ inst_a[31;0] 

00000000 

0441000a ) 


00000000 


[ IcSOOOOa ) 


OOOOI 

)000 


^ ^ jump_addr_c 

00000000 

01040028 ) 


00000000 


: 02000028 ) 


OOOOl 

>000 


^ ^ npe_addr_ap 

00000000 

[; 00000110 ) 

;; 00000114 ) 

: 00000118 ) 

J 0000011 c ) 

; 0000013c ) 

; OOOOafbS ) 

( OOOOafbc 3 

[ OOOOafcO ) 

; 00c 

^ wr_addr_a[4: 




0 

) 

[ 1 y 



0 



^ ^ wr data a[3I 

00000000 


00000000 

) 

f OOOlOOae ) 


00000000 


: OOOOffff 

; 00c 

▼ ^j" Outputs 

falusre a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 










IQl fbeq_a 










H fbgez.a 










l|l fbgz a 









fblez a 










H fblz_a 










IQl fbne a 










firqp a 










fjump a 










H fmemread_a 










H fmemtoreq < 










H fmemwrite_a 










fregdst_a 










H fregwrite_a 










^ ^ faluop_ap;0; 

fc; 0 ) 


7 


( 0 3 





^ ^ freg.la[4:0] 

i; 1 ) 









► ^ freg_2a[4:0] 





0 





^ ^ fshamt_a[4:0 





0 





^ ^ half_word_e: 

00 

00 

00 

00 

00 

lOOOO 

)0000 

lOOOO 

lOOOO 

lOOOO 

0 

0 

0 

0 

0 

fe; OOOOOOOa ) 


00000000 


; OOOOOOOa ) 


OOOOl 

)000 


^ read_data_l< 

i-ionon Y oool 

D04f X 

0000 

5000 

X ooo( 

Iffff X 


50000000 


^ ^ read_data_2. 

00000 .^^ X 0000 

D05f X 




50000000 




^ ^ fjump_addr_ 

;; 01040028 ) 


00000000 


; 02000028 ) 


OOOOl 

5000 


► ^ fnpe_addr_a 

1 ; 00000110 

; 00000114 ; 

; 00000118 ) 

; 0000011c ) 

0000013c 3 

; OOOOafbS ) 

' OOOOafbc 3 

[ OOOOafcO 3 

: 00 c 


185 





































































































































































































rapr 


336 ns 


Name I 

Value 1 

|320ns 1 

3^ns 1 

324ns , 

3K ns 1 

328 ns 1 

330 ns 1 

332 ns , 

3:Mns 1 

▼ ID Stage 

0 









elk 

1 

1 

1 

1 

1 

1 

1 

1 

▼ Inputs 

0 









irqp.a 


wr_en_a 

0 









^ i|| Jump_addr_a[31:0 

00000000 

0000c 

000 ) 

! 0002 bfl 0 ) 

; 00495f90 


0000 

WOO 


^ ^ npc_addr_a[31:0] 

00000000 

|; 0000afc4 ) 

[ OOOOafieS ) 

; 00000168 ; 

[ 0000016c 

: 00000170 3 

^ 00000174 3 

; 00000178 3 

[ 0000017c 3 

^ ^ wr_addr_a[4:0] 

0 



0 




[ 18 3 

; 0 : 

^ wr_data_a[31:0] 

00000000 



00000000 



: 0000 

W55 3 

; 00000000 3 

^ ii|[f Inst a[31:0] 

00000000 

0000c 

000 i 

[ 8c00afi[:4 J 

; 8cl257e4 ) 


00000000 


; 08000000 3 

▼ ^i’ Outputs 

0 









falusrc a 



fbeq a 

0 









fbgez a 

0 









1 || fbgz_a 

0 









fblez a 

0 









fbiz a 

0 









fbne_a 

0 









firqp.a 

0 









IJl fjump_a 

0 








fmemread_a 

0 








fmemtoreg_a 

0 









fmemwrite_a 

0 









14 fregdst_a 

0 









fregwrite_a 

0 









^ faluop_aI3:0] 

0 

7 





7 


; 0 : 

► *18 freg.la[4:0] 

0 


0 


[ 18 





► *18 freg_2a[4:0] 

0 

0 


t 21 ) 

; 10 ) 





^ 118 fshamt.a[4;0] 

0 

0 


[ 3 






^ ■18 half_word_ext_a[; 

00000000 

0000c 

000 ) 

; 0000aft:4 J 

; 000057e4 ) 


0000 

WOO 


^ ^ read_data_lapi;( 

00000000 



00000000 



)( 

00000055 

Xooooo... : 

^ ^ read_data_2a[31:( 

00000000 



00000000 



X 

00000055 

Xooooo... 3 

► fjump_addr_a[31:i 

00000000 

0000c 

000 ) 

: 0002 bfl 0 ) 

; 00495f90 ) 


0000 

WOO 


► *t 8 fnpc_addr_a[31:0] 

00000000 

0000afc4 ) 

^ OOOOafcS ) 

[ 00000168 3 

[ 0000016c 5 

: 00000170 3 

: 00000174 3 

[ 00000178 3 

[ 0000017c 3 


186 




























































































0 .^ 


G. ID/EX REGISTER 


Name | 

Value 


0 ns 1 

. 

. 

6 ns 1 

8 ns 1 

10 ns 1 

12ns 1 

14 ns 1 

16 ns 

▼ ^ ID/EX Register 

0 










elk 

1 

1 

1 

1 

1 

1 

1 


T ^ Inputs 

0 










regdst.a 







regwrite_a 

0 










alusrc_a 

0 










memread a 

0 










IQl memwrite a 

0 










memtoreg_a 

0 










beq_a 

0 










bne a 

0 










blz_a 

0 










bgz a 

0 










blez a 

0 










bgez.a 

0 










Jump a 

0 










irqp.a 

0 










^ aluop_a[3:0] 

0 


0 




[ 2 ) 

; 3 ) 

' 5 ; 


ijj wb_reg_addrl_a[4: 

0 

; 0 ) 

: 1 ) 

;- 2 -J 







^ ^ wb_reg_addr2_a[4: 

0 



J 31 ) 



; 3 ) 

; 4 ) 

k 5 ) 


^ ilJ shamt_a[4:0] 

0 



[ 31 j 







regl_api:0] 

00000000 



00000000 



y 


WOOOOOa 


^ mg reg2_api:0] 

00000000 



00000000 



X 


oooofffo 


^ jump_addr_api:0] 

00000000 

J 00000000 j 

i; 00040028 ) 

; OOObffcO ) 

; 0000 

DOOO ) 

; 00886090 ) 

; 00888094 J 

J 0088a09c ) 

; 006 

^ ^ pc4_addr_api:0] 

00000000 

[ 00000000 ) 

^ 00000004 ) 

; 00000008 

: 0000000c 3 

: 00000010 ) 

[ 00000014 ) 

' 00000018 ) 

J 000000 ic ) 

: 00 c 

^ ^ sign_ext_api:0] 

00000000 

; 00000000 J 

[ 0000000a ) 

: OOOOfffO ) 

: 0000 

)000 ) 

; 00001824 ) 

; 00002025 ; 

^ 00002827 ) 

; 00 c 

▼ ^i' Outputs 

0 










fregdst.a 






H fregwrite_a 

0 










falusrc.a 

0 










fmemread_a 

0 










fmemwrite_a 

0 










H fmemtoreg_a 

0 










fbeq_a 

0 










H fbne_a 

0 










H fblz_a 

0 










fbgz_a 

0 










1|| fblez.a 

0 










l|i fbgez.a 

0 










H fjump_a 

0 










IQl firqp.a 

0 










^ ijj faluop_ap:0] 

0 







: 2 ; 

^ 3 ) 

; 

► ^ fwb_reg_addrl_a[4 

0 



; 1 / 

: 2 ) 




2 


^ 1|| fwb_reg_addr2_a[4 

0 


0 


: 31 ) 



: 3 ; 

' 4 ) 


^ ijg fshamt_a[4:0] 

0 


0 


: 31 ) 



0 



^ ^ fregl_api:0] 

00000000 



0000 

)000 




0000000a 


^ ^ freg2_api:0] 

00000000 



0000 

)000 




oooofffo 


► ^ fjump_addr_api:0; 

00000000 

: 0000 

)000 ) 

[ 00040028 ) 

; OOObffcO ) 

J 0000 

DOOO ) 

: 00886090 ) 

J 00888094 ) 

; 008 

^ ^ fpc4_addr_api;0] 

00000000 

; 0000 

)000 ) 

; 00000004 ) 

; 00000008 J 

^ 0000000c ) 

; 00000010 ) 

: 00000014 J 

J 00000018 ) 

; 00 c 

^ ^ fsign_ext_api:0] 

00000000 

; 0000 

)000 ) 

; 0000000a ) 

: oooofffo ; 

^ 0000 

woo J 

: 00001824 ; 

[ 00002025 ) 

; 00 c 


187 






































































































Name 

1 Value 

16 ns 1 

18 ns 1 

20 ns 1 

22ns 1 

24 ns 1 

26 ns 1 

28 ns 1 

30 ns 1 

32 ns 

▼ ]1| : ID/EX Register 

0 










n elk 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 


▼ Inputs 

0 










regdst.a 








regwrite_a 

0 










ljl alusrc a 

0 



memread.a 

0 










memwrite a 

0 










H memtoreg_a 

0 










T|l beq_a 

0 










bne a 

0 










blz_a 

0 










bgz a 

0 










H blez_a 

0 










bgez a 

0 










Jump a 

0 










irqp_a 

0 










^ aluop_a[3:0] 

0 

; 4 ) 

' 0 ) 

' 7 ) 

[ 9 ) 

; 6 3 

; 8 3 

[ 0 3 

' 1 3 

( 

wb_reg_addrl_a[4: 

0 

2 ) 



' 8 ) 

; 7 3 

; 8 3 



( 

^ ^ wb_reg_addr2_a[4: 

0 

: 6 ) 

; 0 5 

: 8 ) 

t 7 ) 

; 8 3 

[ 7 3 

J 9 3 

[ 10 3 

( 

^ in shamt_a[4:0] 

0 

0 


: 2 3 

^ 4 ) 





( 

^ *11 regl_a[31:0] 

00000000 

0000000a 

y 


0000 

)000 


y 

OOOOOOOa 


^ ^ reg2_a[31:0] 

00000000 

OOOOfffO 

y 

0000 

)000 

X 0000 

)006 X 0000 

)000 X 

OOOOfffO 


^ ^ jump_addr_api:0] 

00000000 

; 0088C098 ) 

' 001 C 0018 ) 

^ 001d0200 ) 

[ 0020e408 ) 

; ooidooio 3 

; 0020e018 3 

[ 00892080 3 

J 00894088 3 

( 01 

^ pc4_addr_a^l;0] 

00000000 

: 00000020 ) 

: 00000024 J 

; 00000028 ) 

: 0000002c ) 

[ 00000030 3 

; 00000034 3 

[ 00000038 3 

: 0000003c 3 

( OOP 

^ ^ sign ext a31:01 

00000000 

; 00003026 ) 

; 00000006 ] 

: 00004080 ) 

[ 00003902 3 

: 00004004 3 

; 00003806 3 

t 00004820 3 

: 00005022 3 

( 001 

▼ ^j’ Outputs 

0 










fregdst.a 









fregwrite_a 

0 










T|l falusrc a 

0 










fmemread a 

0 










H fmemwrite_a 

0 










fmemtoreg a 

0 










fbeq_a 

0 










H fbne_a 

0 










fbiz a 

0 










fbgz a 

0 










H fblez.a 

0 










fbgez a 

0 










fjump a 

0 










H firqp.a 

0 










^ faluop_a[3:0] 

0 

[ 5 ) 

i 4 ) 

; 0 ) 

; 7 3 

: 9 ) 

[ 6 3 

' 8 3 

[ 0 3 

; 

► fwb_reg_addrl_a[4 

0 

2 




: 8 3 

: 7 3 

J 8 3 



► ^ fwb_reg_addr2_a[4 

0 

' 5 ) 

J 6 ) 

[ 0 ) 

: 8 3 

: 7 ) 

[ 8 3 

' 7 3 

[ 9 3 

; 

> ill fshamt_a[4:0] 

0 


0 


[ 2 3 

: 4 ) 


c 



► ^ fregl_a[31:0] 

00000000 

0000 c 

00a ; 



00000000 



[ 0000 

)00a 

► ^ freg2_api:0] 

00000000 

OOOOl 

ffO ) 


00000000 


: 00000006 3 

f 00000000 3 

[ 000 c 

fffO 

► fjump_addr_a[31:0; 

00000000 

^ 0088a09c ) 

^ 0088C098 ) 

; 001 C 0018 ) 

3 001d0200 3 

; 0020e408 ) 

; OOldOOlO 3 

J 0020e018 3 

; 00892080 3 

; 008 

^ fpc4_addr_api:0] 

00000000 

; 0000001c ) 

J 00000020 ) 

; 00000024 ) 

^ 00000028 3 

; 0000002c ) 

[ 00000030 3 

^ 00000034 3 

[ 00000038 3 

^ OOC 

► ^ fsign_ext_api:0] 

00000000 

; 00002827 ) 

[ 00003026 ) 

[ 00000006 ) 

: 00004080 3 

: 00003902 ) 

[ 00004004 5 

[ 00003806 3 

[ 00004820 3 

: OOC 

Name I 

Value 1 

|32ns 1 

34 ns 1 

36 ns 1 

38 ns 1 

40 ns 1 

42ns 1 

44 ns 1 

46 ns 1 

48 ns 

▼ Ilf ilD/EX Register 

0 

1 









Ip elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ W Inputs 

0 










H regdst.a 



regwrite_a 

0 










alusrc.a 

0 










memread_a 

0 










IQl memwrite_a 

0 









— 

memtoreg_a 

0 









beq a 

0 










bne_a 

0 









biz a 

0 










bgz a 

0 










blez.a 

0 










bgez a 

0 










Jump a 

0 










irqp.a 

0 










^ aluop_ap:0] 

0 

' 2 ) 

: 3 ) 


1 




0 


^ ^ wb_reg_addrl_a[4: 

0 

11 y 

' 12 ) 

' 10 ) 

' 9 3 

; 15 3 

: 16 ) 

' 17 3 

( 11 ) 


^ wb_reg_addr2_a[4: 

0 

31 ) 

: 0 ; 

' 13 ) 

[ 14 3 



0 



^ ^ shamt_a[4:0] 

0 

31 ) 









^ ^ regl_api:0] 

00000000 

boooo.. X 

OOOOfffO 

X ooo( 

fffa y ffffl 

Ola X 000( 

fffe X fwc 

Ola X 

00000000 


^ ^ reg2_api:0] 

00000000 

jooofffO X 

00000000 

y ffffc 

Ola X 000( 

■fffe y 

0000 

)000 

X 000 c 

fffO 

^ ^ Jump_addr_api:0] 

00000000 

012ffffc ) 

: 01300000 ^ 

04a9a0a8 ) 

: 0525c0a8 3 

; 04bcooio 3 

[ 05400010 3 

J 00440000 3 

; 002C0010 3 

; OOC 

^ pc4_addr_api:0] 

00000000 

00000040 ) 

; 00000044 

( 00000048 ) 

; 0000004c 

00000050 3 

: 00000054 3 

J 00000058 3 

^ 0000005c ) 

; OOC 

^ sign_ext_api:0] 

00000000 

OOOOffff ) 

; 00000000 

( 0000682a 

; 0000702a 

0000 

)004 3 

j 00000000 3 

3 00000004 ) 

; OOC 


188 
















































































































































































T Outputs 












fregdst_a 

0 











H fregwrite_a 

0 











H falusrc_a 

0 











fmemread a 

0 











H fmemwrite_a 

0 










— 

H fmemtoreg_a 

0 











fbeq_a 

0 











fbne a 

0 











fblz_a 

0 











fbqz a 

0 











fblez a 

0 











fbgez.a 

0 











H fjump_a 

0 











firqp.a 

0 











^ ^ faluop_ap:0] 

0 


( 1 ; 

! 2 ) 

( 3 ) 


1 

D 

) 



► ^ fwb_reg_addrl_a[4 

0 


2 ) 

V 11 ) 

( 12 ) 

; 10 ) 

; 9 ) 

( 15 ) 

; 16 ) 

; 17 ) 


^ fwb_reg_addr2_a['^ 

0 


( 10 5 

;; 31 ) 

; 0 ) 

; 13 ) 

1-^ 


q 



^ i|j fshamt_a[4;0] 

0 


0 ) 

( 31 ) 




0 




► ^ fregl.apirO] 

00000000 


OOOOOOOa ; 

000 c 

'fffO 

OOOOfffa ) 

ffffOOla 

( OOOOfffe ) 

ffffOOla ) 

; OOOOi 

)000 

^ in freg2_api:0] 

00000000 


OOOOfffD 

0000' 

DOOO ) 

ffffOOla 

OOOOfffa 


00000000 


; OQi 

► ^ fjump_addr_api:0; 

00000000 


00894088 

; oi2ffffc ) 

( 01300000 ) 

04a9a0a8 

; 0525c0a8 

( 04bc0010 

05400010 ) 

00440000 ; 

; 002 

^ ilj fpc4_addr_api:0] 

00000000 


( 0000003c ; 

; 00000040 ) 

; 00000044 ) 

00000048 

0000004c ) 

( 00000050 ) 

; 00000054 ) 

; 00000058 ; 

; 00c 

► ^ fsign_ext_api:0] 

00000000 


00005022 ) 

( ooooffff ) 

00000000 

0000682a 

0000702a 

( 0000 

3004 ) 

00000000 

; 00c 


Name I 

1 Value 


48ns 1 

50 ns 1 

52 ns 1 

54ns 1 

56 ns 1 

58 ns 1 

60 ns 1 

62 ns 1 

64 ns 

▼ Tlii ID/EX Register 

0 










n elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ S Inputs 

0 










regdst.a 







regwrite a 

0 










alusrc a 

0 










memread_a 

0 










memwrite a 

0 










Tjjl memtoreg_a 

0 










beq_a 

0 










bne a 

0 









1 || biz a 

0 










bgz_a 

0 










blez a 

0 










bgez a 

0 









1 |^ jump_a 

0 










irqp.a 

0 










^ ^ aluop_ap: 0 ] 

0 

0 ; 


7 


' 0 ) 


7 



^ ^ wb_reg_addrl_a[4: 

0 





' 2 ) 





^ ^ wb_reg_addr2_a[4: 

0 





0 





^ iH shamt_a[4:0] 

0 





0 





^ ^ regl_api: 0 ] 

00000000 



0000000 


X 0000 

) 00 a X 

0000 

>000 


^ ^ reg 2 _api: 0 ] 

00000000 

DOOOfffi) X 


00000000 


X ^ 

fffO X 


>0000000 


^ ^ jump_addr_api: 0 ] 

00000000 

: 00000028 ; 


00000000 


[ 00880028 ) 


00000000 


; 08 S 

^ ^ pc4_addr_api:0] 

00000000 

00000060 ) 

( 00000064 J 

[ 00000068 ) 

: 0000006c ) 

J 0000008c ) 

; 00000090 ) 

[ 00000094 ) 

J 00000098 ) 

; 00c 

► ^ sign_ext_api: 0 ] 

00000000 

: OOOOOOOa J 


00000000 


^ OOOOOOOa ) 


00000000 


; 00c 

▼ Outputs 

0 










Hi fregdst.a 







H fregwrite_a 

0 









— 

falusrc_a 

0 










H fmemread_a 

0 









H fmemwrite_a 

0 










H fmemtoreg_a 

0 









l|l fbeq_a 

0 










fbne_a 

0 









fblz_a 

0 










fbgz_a 

0 










fblez.a 

0 










fbgez_a 

0 










fjump_a 

0 










H firqp.a 

0 










^ faluop_ap: 0 ] 

0 

0 



7 


: 0 ) 


7 


^ ^ fwb_reg_addrl_a[4 

0 

t 11 ; 


c 



; 2 ) 


0 


► fwb_reg_addr2_a[4 

0 





0 





^ ^ fshamt_a[4:0] 

0 





0 





^ fregl.api: 0 ] 

00000000 



00000000 



; OOOOOOOa ) 


00000000 


► ^ freg 2 .api: 0 ] 

00000000 

; oooofffo J 


0000 

3000 


; oooofffo ) 


00000000 


► ^ fjump_addr_api: 0 ; 

00000000 

002C0010 ) 

( 00000028 ) 


00000000 


: 00880028 ) 


00000000 


^ fpc4.addr.api:0] 

00000000 

[ 0000005c 3 

[ 00000060 ) 

: 00000064 ) 

[ 00000068 ) 

; 0000006c 

: 0000008c ) 

J 00000090 ; 

I 00000094 ) 

; 00c 

► ^ fsign_ext_api: 0 ] 

00000000 

[ 00000004 i 

[ OOOOOOOa ) 


00000000 


: OOOOOOOa ) 


00000000 



189 











































































































































































Name I 

Value 


64 ns 1 

66 ns 1 

68 ns 1 

70 ns 1 

72ns 1 

74 ns 1 

76 ns 1 

78 ns 1 

80 ns 

▼ ■4' i ID/EX Register 

0 










elk 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 


▼ ^i’ Inputs 

0 










regdst.a 







regwrite_a 

0 










alusrc a 

0 










memread a 

0 










H memwrite_a 

0 










memtoreg a 

0 










l|l beq_a 

0 










14 bne_a 

0 










biz a 

0 










bgz_a 

0 










blez.a 

0 










bgez a 

0 









jump a 

0 









Irqp.a 

0 










^ aluop_a[3:0] 

0 

' 0 ) 


7 


; 0 j 


7 


; 

^ ^ wb_reg_addrl_a[4: 

0 




0 





; 

^ ^ wb_reg_addr2_a[4: 

0 





0 





^ iH shamt_a[4:0] 

0 





0 





^ ^ regl_a[31:0] 

00000000 

OOOOO... X ffffl 

m X 

0000 

)000 

X ffffc 

005 X 

0000 

)000 


^ mg reg2_a[31:0] 

00000000 





0000000 





^ jump_addr_a[31:0] 

00000000 

[ 08800028 ) 


00000000 


: 02800028 ) 


00000000 


; QIC 

^ "III pc4.addr.a[31:0] 

00000000 

^ 000000 b 8 ) 

( OOOOOObc ) 

[ OOOOOOcO ) 

: 000000C4 J 

: 00000064 ) 

[ 00000068 J 

J OOOOOOec 3 

[ oooooofo 3 

; 00c 

► ^ sign_ext_a[31:0] 

00000000 

[ 0000000 a ) 


00000000 


; 0000000 a ) 


00000000 


; 00c 

▼ ^j’ Outputs 

0 










fregdst_a 








fregwrite_a 

0 










falusrc_a 

0 










fmemread.a 

0 










H fmemwrite_a 

0 










fmemtoreg_a 

0 










fbeq_a 

0 










H fbne_a 

0 










ljl fblz_a 

0 










14 | fbgz_a 

0 










H fblez.a 

0 










fbgez_a 

0 









fjump_a 

0 










H tirqp.a 

0 










^ ^ faluop_a[3:0] 

0 

7 ) 

[ 0 ) 


7 


: 0 3 


7 


► fwb_reg_addrl_a[4 

0 





0 





► ^ fwb_reg_addr2_a[4 

0 





0 





^ i|j fshamt_a[4:0] 

0 





0 





> ^ fregl_a[31:0] 

00000000 

00000000 ) 

; fffiffff j 


00000000 


: ffffooos 3 


00000000 


► ^ freg2_a[31:0] 

00000000 

00000000 

00000000 





00000000 





^ ^ fjump_addr_a[31:0; 

00000000 ) 

; 08800028 ; 


00000000 


; 02800028 3 


00000000 


^ ^ fpc4_addr_a[31:0] 

J 00000098 ) 

; 000000 b 8 ) 

J OOOOOObc 

: OOOOOOcO ) 

J 000000C4 ) 

: 000000e4 3 

J 000000 e 8 3 

; OOOOOOec ) 

( 00c 

► ^ fsign_ext_a[31:0] 

00000000 

00000000 ) 

; 0000000 a ) 


00000000 


; 0000000 a 3 


00000000 



Name I 

1 Value 1 

|80ns 1 

82re , , 

84 ns 1 

86 ns 1 

88 ns 1 

90rTO 1 

92r^ 1 

94 ns 1 

96ns 

▼ ^ i ID/EX Register 

0 

1 









14 elk 

1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 


▼ Inputs 

0 










regdst.a 







H regwrite_a 

0 










alusrc_a 

0 









— 

memread a 

0 










memwrite a 

0 









H memtoreg_a 

0 










beq_a 

0 









bne a 

0 










blz_a 

0 










bgz a 

0 










blez_a 

0 










bgez_a 

0 










111 Jump_a 

0 









irqp.a 

0 










^ ^ aluop_a[3:0] 

0 

3 0 3 


7 


3 0 3 


7 


3 

^ ^ wb_reg_addrl_a[4: 

0 

1 3 









^ wb_reg_addr2_a[4: 

0 




0 





3 

^ ^ shamt_a[4:01 

0 




0 





3 

^ ^ regl_a[31:0] 

00000000 

boooo.. X ^ 

fffe X 

0000 

DOOO 

X ooo( 

ffia X 


lOOOOOOO 


^ mg reg 2 _api: 0 ] 

00000000 

COOOD... X 0000 

) 00 a X 




10000000 




^ ^ Jump.addr.apiiO] 

00000000 

01040028 3 


00000000 


3 02000028 3 


00000000 


3 00c 

> pc4.addr.api:0] 

00000000 

00000110 3 

3 00000114 3 

3 00000118 3 

3 0000011 c 

; 0000013c 3 

3 00000140 3 

3 00000144 3 

3 00000148 3 

3 00c 

► sign_ext_api: 0 ] 

00000000 

0000000 a 3 


00000000 


0000000a 3 


00000000 


3 00c 


190 





























































































































































































▼ ^ Outputs 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

00000000 

00000000 

00000000 

00000000 

00000000 










H fregdst.a 








fregwrite_a 










falusrc a 










H fmemread_a 

1 









fmemwrite_a 










fmemtoreg a 










14 fbeq_a 










H fbne_a 










fblz_a 

1 









14 fbgz_a 










fblez_a 

1 









fbgez a 










H fjump_a 









firqp.a 










^ ^ faluop_a[3:0] 

7 ) 

: 0 ) 


7 


: 0 !: 


7 


► ^ fwb_reg_addrl_a[4 

0 ) 

; 1 ) 




0 




^ fwb_reg_addr2_a[4 





0 





^ iijj fshamt_a[4:0] 





0 





► ^ fregl_aI31:0] 

00000000 ) 

OOOOfffe ) 


00000000 


OOOOfffa 


00000000 


^ ^ freg2_a[31:0] 

00000000 ) 

; 0000000a ) 




00000000 




► fjump_addr_a[31:0; 

00000000 ) 

01040028 ) 


00000000 


02000028 


00000000 


► ^ fpc4_addr_a[31:0] 

[; oooooofo ) 

; 00000110 ) 

( 00000114 ) 

( 00000118 ) 

; 0000011c ) 

0000013c 

00000140 ) 

00000144 ) 

; 00c 

^ ^ fsign_ext_a[31:0] 

00000000 ) 

; 0000000a :| 

i_ 1 

00000000 


; OOOOOOOa ; 

1 1 

00000000 


Name I 

Value 

96 ns 1 

98 ns 1 

100 ns 1 

102 ns 1 

104 ns 1 

106 ns 1 

108 ns 1 

110 ns 1 

112 ns 

▼ IK !ID/EX Register 

0 










'n elk 

-1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 


▼ K' Inputs 

0 










regdst.a 







regwrite_a 

0 










alusrc_a 

0 










memread_a 

0 










H memwrite_a 

0 








memtoreg a 

0 










beq_a 

0 








bne a 

0 










biz a 

0 










bgz_a 

0 










blez a 

0 










bgez.a 

0 










Jump a 

0 










irqp.a 

0 










^ ^ aluop_a[3:0] 

0 

t c 



7 


: 0 ) 


7 


^ ^ wb_reg_addrl_a[4: 

0 





0 





1^ wb_reg_addr2_a[4: 

0 

' 21 ) 

; 10 ) 




0 




^ Kf shamt_a[4:0] 

0 

L 3 





0 




1^ K! regl_a[31:0] 

00000000 


00000000 


X 0000 

)055 X 

00000000 

X 0000 

>055 X 

>000000 

^ ^ reg2_a|31:0] 

00000000 


00000000 


X 0000 

>055 X 

00000000 

X 0000 

)055 X 

>000000 

^ i|j jump_addr_a[31:0] 

00000000 

t 0002 bfl 0 ) 

00015190 ) 




00000000 




^ ^ pc4_addr_a[31:0] 

00000000 

J 00000168 ) 

[ 0000016c ) 

: 00000170 

[ 00000174 ) 

[ 00000178 ) 

: 0000017c ) 

: 00000180 ) 

: 00000184 ) 

; 00c 

^ Kf ^'ein ext a|31:01 

00000000 

J 0000afc4 ) 

; 000057e4 ) 




00000000 




▼ K' Outputs 

0 










fregdst.a 







IJl fregwrite_a 

0 










H falusrc_a 

0 










fmemread a 

0 










H fmemwrite_a 

0 










H fmemtoreg_a 

0 










fbeq_a 

0 










fbne a 

0 










Ijl fblz_a 

0 










fbgz a 

0 










fblez a 

0 










l|l fbgez_a 

0 










fjump_a 

0 










H firqp_a 

0 










^ Big faluop_aE3:0] 

0 

7 j 




7 


: 0 J 



^ fwb_reg_addtl_a[4 

0 





0 





► fwb_reg_addr2_a[4 

0 

0 i 

K 21 ) 

( 10 ; 







^ ^ fshamt_aI4:0] 

0 

0 j 

[ 3 

1 / 







^ ^ fregl_a[31:0] 

00000000 


0000c 

000 


^ 00000055 ) 

; 0000 

)000 ; 

^ 00000055 ) 

; 00c 

^ ijg freg2_a[31:0] 

00000000 


0000c 

000 


^ 00000055 ) 

; 0000 

)000 ) 

^ 00000055 ) 

; 00c 

► ^ fjump_addr_a[31:0; 

00000000 

00000000 j 

[ 0002 bfl 0 ) 

( 00015f90 ) 



0000 

>000 



^ fpc4_addr_a[31:0] 

00000000 

[ 00000148 J 

[ 00000168 ; 

( 0000016c ) 

; 00000170 J 

^ 00000174 ; 

; 00000178 ) 

; 0000017c ) 

^ 00000180 ; 

; 00c 

► fsign_ext_a[31:0] 

00000000 

00000000 i 

0000afc4 ) 

( 00005764 ) 



0000 

>000 


_ 


191 


























































































































































































I Value I 


▼ ID/EX Register 


R elk 

0 

▼ Inputs 


H regdst_a 

0 

H regwrite_a 

0 

alusrc.a 

0 

H memread_a 

0 

memwrite_a 

0 

memtoreg.a 

0 

beq_a 

0 

H bne_a 

0 

blz_a 

0 

bgz_a 

0 

H blez.a 

0 

bgez_a 

0 

Jump_a 

0 

irqp.a 

0 

^ aluop_a[3:0] 

0 

^ HJ wb_reg_addrl_a[4: 

0 

wb_reg_addr2_a[4: 

0 

^ ^ shamt_a[4:0] 

0 

^ ^ regl_api:0] 

00000000 

^ ^ reg2_api:0] 

00000000 

^ ^ jump_addr_api:0] 

00000000 

^ "III pc4.addr.api:0] 

00000000 

► ^ sign_ext_api:0] 

00000000 

W Outputs 


fregdst_a 

0 

fregwrite_a 

0 

falusrc_a 

0 

ljl fmemread_a 

0 

H fmemwrite_a 

0 

fmemtoreg_a 

0 

fbeq_a 

0 

fbne_a 

0 

IJl fblz_a 

0 

fbgz_a 

0 

H fblez_a 

0 

H fbgez_a 

0 

fjump_a 

0 

firqp_a 

0 

^ ^ faluop_ap:0] 

0 

^ fwb_reg_addtl_a[4 

0 

► *19 fwb_reg_addr2_a[4 

0 

^ i|9 fshamt.a[4:0] 

0 

► *0 fregl_api:0] 

00000000 

^ 119 freg2_api:0] 

00000000 

► ^ fjump_addr_api:0; 

00000000 

► fpc4_addr_api:0] 

00000000 

^ fsign_ext_api:0] 

00000000 


1 Name | 

1 Value 1 

▼ IK ! ID/EX Register 


R elk 

0 

▼ ]ll' Inputs 


regdst.a 

0 

H regwrite_a 

0 

alusrc.a 

0 

l|l memread_a 

0 

H memwrite_a 

0 

l|i memtoreg_a 

0 

H beq_a 

0 

bne_a 

0 

blz_a 

0 

bgz_a 

0 

T|l blez_a 

0 

bgez.a 

0 

Jump_a 

0 

irqp.a 

0 

^ aluop_ap:0] 

0 

^ ^ wb_reg_addrl_a[4: 

0 

^ ^ wb_reg_addr2_a[4: 

0 

^ ^ shamt_a[4:0] 

0 

^ ^ regl_api:0] 

00000000 

^ reg2_api:0] 

00000000 

^ jump_addr_api:0] 

00000000 

^ l\9 pc4_addr_api:0] 

00000000 

^ i)9 sign_ext_api:0] 

00000000 


112 ns 1 

114 ns 1 

116 ns 1 

118 ns ^ 

120 ns 1 

122ns 1 

124 ns 1 

126 ns 1 

128 ns 










1 

1 

1 

1 

1 

1 

1 

1 
































































































































7 





: 2 ) 

: 3 ) 

[ 5 ) 


0 ) 

[ 1 ) 

' 2 ) 







0 


: 31 ) 



: 3 ) 

: 4 : 

[ 5 ) 


0 


: 31 ) 







00000000 

X 0000 

)055 X 

0000 

)000 

X 


)000005f 


00000000 

X 0001 

)004 X oooc 

fffe X 

00000000 

X 


OOOOfffO 


00000000 : 

00040028 : 

: OOObffcO ) 

: 0000 

)000 J 

[ 00886090 ) 

: 00888094 : 

: 0088a09c 

[ 008 

; 00000188 ; 

; 00000004 ; 

; 00000008 ) 

^ 0000000c ) 

; 00000010 ) 

: 00000014 ) 

; 00000018 ; 

: 0000001c 

: OOC 

00000000 

0000000a ; 

: OOOOfFR) ) 

: 0000 

)ooo : 

[ 00001824 

: 00002025 ) 

: 00002827 ) 

: OOC 








































































































































7 






[ 2 : 

[ 3 ) 


0 


[ 1 ) 

: 2 ) 




2 



0 


: 31 : 



: 3 : 

: 4 : 



0 


[ 31 ) 



0 



[ 0000 

)ooo : 

[ 00000055 : 


00000000 



0000005f 


: 0000 

)000 ) 

; 00010004 ) 

: OOOOfffa ) 

^ 0000 

)ooo : 


OOOOfffO 


OOOOG 

000 ) 

; 00040028 ) 

: OOObffcO ) 

^ 0000 

)000 ) 

; 00886090 ; 

J 00888094 ) 

^ 006 

; 00000184 ) 

C 00000188 ) 

[ 00000004 ) 

: 00000008 ) 

[ OOOOOOOc ) 

[ 00000010 : 

; 00000014 ; 

: 00000018 3 

[ OOC 

ooooc 

000 ) 

[ 0000000a ) 

: OOOOffR) ) 

^ 0000 

)000 J 

: 00001824 ; 

[ 00002025 3 

; OOC 


130 ns 1 

132 ns 1 

134 ns 1 

136 ns 1 

138 ns 1 

140 ns 1 

142 ns 1 

144 ns 

|128ns ^ 









1 

1 

1 

1 

1 

1 

1 

1 
































































































































; 4 ) 

' 0 ) 

; 7 ) 

' 9 y 

; 6 ) 

; 8 ) 

' 0 ) 

; 1 3 


2 ) 



; 8 ) 

: 7 ) 

[ 8 ) 




; 6 ) 

: 0 ) 

[ 8 ) 

: 7 : 

; 8 ) 

: 7 ) 

: 9 ) 

[ 10 3 


0 


[ 2 ) 

t 4 ) 






oooooosf 

y 


0000 

)000 


X 

0000005f 


OOOOfffO 

X 

0000 

)000 

X 0000 

)006 X 0000 

>000 X 

OOOOfffO 


: 0088C098 ) 

J 001C0018 ) 

[ 001d0200 ) 

f 0020e408 

: OOldOOlO ) 

: 0020e018 ) 

J 00892080 5 

[ 00894088 3 

[ 01 

00000020 ) 

^ 00000024 ) 

; 00000028 ) 

^ 0000002c ) 

00000030 ) 

; 00000034 ) 

^ 00000038 ) 

; 0000003c 3 

[ OOC 

00003026 ) 

: 00000006 ) 

; 00004080 ) 

J 00003902 00004004 ) 

; 00003806 ) 

: 00004820 ; 

: 00005022 3 

: 00 


192 









































































































































































▼ % Outputs 

0 










fregd5t_a 









H fregwrtte_a 

0 










H falusrc_a 

0 










fmemread_a 

0 










fmemwrite a 

0 










fmemtoreg a 

0 










fbeq_a 

0 










fbne_a 

0 










fbiz a 

0 










H fbgz_a 

0 










H fblez_a 

0 










fbgez.a 

0 










fjump_a 

0 










firqp.a 

0 










^ ^ faluop_a[3:01 

0 

5 ) 

( 4 ) 

( 0 ) 

; 7 ; 

; 9 ) 

( 6 ) 

( 8 ) 

; 0 ; 

; 

► ^ fwb_reg_addrl_a[4 

0 

2 

) 



; 8 ) 

( 7 ) 

( 8 ) 



► fwb_reg_addr2_a[4 

0 

5 ) 

i 6 ) 

! 0 ) 

; 8 ; 

; 7 ) 

( 8 ) 

i 7 ) 

; 9 ; 

; 

P- ^ fshamt_a[4:0] 

0 


0 


; 2 ) 

; 4 ) 


q 



p •i fregl.a[31:0] 

00000000 

ooooc 

i 05 f ) 



00000000 


) 

0000 

30 5 f 

P freg2_a[31:0] 

00000000 

0000 

m ) 


00000000 


( 00000006 ) 

; 00000000 ) 

; 000 c 

fffo 

► ^ fjump_addr_a[31:0; 

00000000 

0088a09c ) 

0088C098 ) 

( 001C0018 ) 

; 001d0200 ) 

0020e408 ) 

t OOldOOlO ) 

f 0020e018 ) 

; 00892080 ) 

; QOS 

p ^ fpc4_addr_a[31:0] 

00000000 

[; 0000001c 

( 00000020 ) 

00000024 ) 

; 00000028 

0000002c 

' 00000030 ) 

^ 00000034 

; 00000038 ) 

; 00c 

► fsign_ext_a[31:0] 

00000000 

00002827 

( 00003026 ) 

; 00000006 ; 

; 00004080 

00003902 ) 

; 00004004 J 

J 00003806 ) 

[ 00004820 ) 

; 00c 


Name I 

1 Value 


144 ns 1 

146 ns 1 

148 ns 1 

150 ns 1 

152 ns 1 

154 ns 1 

156 ns 1 

158 ns 1 

160 ns 

▼ ]1[ I ID/EX Register 

0 










R elk 

1 

-1 

-1 

-1 

1 

-1 

-1 

1 


▼ W Inputs 

0 










H regdst.a 



regwrite_a 

0 










IQl alusrc.a 

0 










memread.a 

0 










memwrite_a 

0 









— 

memtoreg.a 

0 








beq a 

0 










bne a 

0 









biz a 

0 










bgz a 

0 










H blez_a 

0 










bgez a 

0 










Jump a 

0 










irqp.a 

0 










P ^ aluop_a[3:0] 

0 

[ 2 ) 

[ 3 ) 


1 




0 


P ^ wb_reg_addrl_a[4: 

0 

; 11 ) 

[ 12 ) 

: 10 j 

[ 9 3 

; 15 3 

: 16 3 

' 17 3 

[ 11 3 


P wb_reg_addr2_a[4: 

0 

! 31 ) 

[ 0 ) 

' 13 J 

' 14 3 



0 



^ shamt_a[4:0] 

0 

[ 31 5 









► ^ regl_a[31:0] 

00000000 

DOOOO... X 

OOOOfffO 

X 0001 

304f X fffR 

06f X 0001 

J04f X fffft 

06f X 

00000000 


P ^ reg2_a[31:0] 

00000000 


raoofffo 

y fffft 

06f X 0001 

D04f X 

00000000 

X fff^ 

=fff 000 c 

fffo 

P Jump_addr_api:0] 

00000000 

; 012fFffc ) 

[ 01300000 ) 

; 04a9a0a8 ] 

[ 0525c0a8 3 

[ 04bc0010 3 

; 05400010 3 

^ 00440000 ) 

; 002C0010 ) 

; 00 c 

P in pc4_addr_a^l:0] 

00000000 

; 00000040 ) 

' 00000044 ) 

; 00000048 ; 

[ 0000004c 3 

[ 00000050 3 

: 00000054 3 

t 00000058 ) 

; 0000005c 3 

; 00 c 

P ^ sign_ext_api;0] 

00000000 

OOOOffff ) 

( 00000000 

' 0000682a ) 

[ 0000702a 3 

; 0000 

)004 3 

[ 00000000 ) 

; 00000004 ; 

; 00 c 

▼ ^j’ Outputs 

0 










fregdst_a 




H fregwrite_a 

0 










falusrc.a 

0 










fmemread_a 

0 










H fmemwrite_a 

0 








H fmemtoreg_a 

0 









fbeq_a 

0 








fbne_a 

0 










H fblz_a 

0 










l|l fbgz_a 

0 










fblez.a 

0 










H fbgez_a 

0 










1|| fjump_a 

0 










firqp.a 

0 










p *11 faluop_ap:0] 

0 

[ 1 J 

[ 2 ) 

: 3 j 




) 



► ^ fwb_reg_addrl_a[4 

0 

2 j 

k 11 ) 

: 12 ) 

: 10 3 

[ 9 3 

[ 15 3 

' 16 ) 

; 17 ) 


p ^ fwb_reg_addr2_a[4 

0 

[ 10 ) 

[ 31 ) 

: 0 3 

: 13 3 

[ 14 3 


q 



P ^ fshamt_a[4:0] 

0 

0 j 

[ 31 ) 




0 




p fregl_api:0] 

00000000 

OOOOOQSf y 

i 000( 

fffO 3 

[ 0001004f 3 

[ ffff006f 3 

; oooioo4f 3 

[ ffff006f 

;; ooooi 

)000 

P ^ freg2_api:0] 

00000000 


OOOOfffO 


: ffff006f 3 

[ 0001004f 3 

; 0000 

)000 3 

: fFFfffff 3 

; oQi 

► *tS tJump_addr.api:0; 

00000000 

; 00894088 j 

t 012ffFft: 5 

: 01300000 3 

[ 04a9a0a8 3 

: 0525c0a8 3 

: 04bc0010 3 

J 05400010 3 

: 00440000 

; 002 

p ilj fpc4_addr_api:0] 

00000000 

( 0u0Qo03c / 

i 00000040 ) 

J 00000044 3 

[ 00000048 3 

; 0000004c 3 

[ 00000050 3 

J 00000054 3 

[ 00000058 3 

; 00 c 

► ^ fsign_ext_api:0] 

00000000 

[ 00005022 ] 

t OOOOffff ) 

: 00000000 3 

[ 0000682a 3 

[ 0000702a 3 

; 0000 

)004 3 

: 00000000 3 

^ 00 c 


193 






































































































































































Name I 

Value 


160 ns 1 

162 ns 1 

164 ns 1 

166 ns 1 

168 ns 1 

170 ns 1 

172 ns 1 

174 ns 1 

176 ns 

▼ Til ID/EX Register 

0 










R elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

0 










H regdst_a 







H regwrite a 

0 










alusrc a 

0 










H memread_a 

0 










memwrite_a 

0 










memtoreg_a 

0 










beq_a 

0 










H bne_a 

0 









biz a 

0 










bgz a 

0 










H blez.a 

0 










bgez a 

0 









Jump a 

0 










irqp.a 

0 










^ aluop_a[3:0] 

0 

0 ) 


7 


[ 0 ) 


7 


; 

^ HJ wb_reg_addrl_a[4: 

0 





; 2 ) 





wb_reg_addr2_a[4: 

0 





0 





^ ^ shamt_a[4:0] 

0 





0 





^ ^ regl_api: 0 ] 

00000000 



0000000 


X 0000 

J05f X 

0000 

)000 


^ ^ reg 2 _api: 0 ] 

00000000 

pooofffo X 


00000000 


X 000 ( 

ffR) X 


JOOOOOOO 


^ ^ Jump_addr_api:0] 

00000000 

[ 00000028 5 


00000000 


[ 00880028 ) 


00000000 

) 

; 08 S 

^ "III pc4.addr.api:0] 

00000000 

[ 00000060 

; 00000064 ) 

; 00000068 ) 

^ 0000006c ] 

[ 0000008c ) 

; 00000090 ^ 

J 00000094 ) 

; 00000098 ) 

; 00c 

^ ^ sign_ext_api: 0 ] 

00000000 

0000000 a 1 


00000000 


[ 0000000 a ) 


00000000 

) 

; 00c 

W Outputs 

0 










H fregdst_a 







H fregwrite_a 

0 









— 

falusrc_a 

0 










l|l fmemread_a 

0 









fmemwrite_a 

0 










H fmemtoreg_a 

0 









H fbeq_a 

0 










fbne_a 

0 









fblz_a 

0 










H fbgz_a 

0 










fblez_a 

0 










fbgez.a 

0 










H tjump_a 

0 










firqp.a 

0 










^ faluop_ap: 0 ] 

0 

0 

) 


7 

) 

; 0 j 


7 


^ ^ fwb_reg_addrl_a[4 

0 

^ 11 ) 




) 

; 2 ) 


0 


^ ^ fwb_reg_addr2_a[4 

0 





0 





^ ^ fshamt_a[4:0] 

0 





0 





^ fregl_api; 0 ] 

00000000 


i 

00000000 


) 

[ oooooosf J 


00000000 


^ 9 ^ freg 2 _api: 0 ] 

00000000 

: OOOOfffO ) 


0000 

)000 

) 

: OOOOfffO ) 


00000000 


► fjump_addr_api: 0 ; 

00000000 

^ 002 C0010 ) 

t 00000028 ) 


00000000 

) 

[ 00880028 ) 


00000000 


^ i||S fpc4_addr_api:0] 

00000000 

; 0000005c ) 

( 00000060 ) 

; 00000064 ) 

[ 00000068 ) 

; 0000006c ) 

; 0000008c ) 

J 00000090 ) 

; 00000094 ) 

^ 00c 

> ^ fsign_ext_api: 0 ] 

00000000 

: 00000004 ) 

t 0000000 a ) 


00000000 

) 

: 0000000 a ) 


00000000 

_ 


Name I 

1 Value 1 

|176ns 1 

178 ns 1 

180 ns 1 

182 ns 1 

184 ns 1 

186 ns 1 

188 ns 1 

190 ns 1 

192 ns 

▼ ^ i ID/EX Register 

0 

1 









elk 

1 1 

-1 

-1 

-1 

-1 

-1 

-1 

-1 


▼ Inputs 

0 










regdst.a 







regwrite a 

0 










alusrc.a 

0 










memread a 

0 










memwrite a 

0 










memtoreg_a 

0 










1]^ beq_a 

0 










bne_a 

0 










blz_a 

0 










bgz_a 

0 










blez.a 

0 










H bgez.a 

0 









Jump_a 

0 









irqp.a 

0 










^ ^ aluop.aprO] 

0 

0 ) 


7 


' 0 3 


7 



^ ^ wb_reg_addrl_a[4: 

0 




0 





; 

^ ^ wb_reg_addr2_a[4: 

0 





0 





^ shamt_a[4:0] 

0 





0 





^ ^ regl_api:0] 

00000000 

boooo X ffff 

=fff X 

0000 

)000 

X ffffc 

000 X 

0000 

)000 


^ reg2_api:0] 

00000000 





0000000 





^ ^ Jump_addr_api:0] 

00000000 

08800028 ) 


00000000 


^ 02800028 3 


00000000 


[ QIC 

► ^ pe4_addr_api:0] 

00000000 

000000b8 ) 

[ OOOOOObc 3 

; OOOOOOcO 3 

' 000000C4 

000000e4 3 

[ 000000e8 3 

[ OOOOOOec 3 

[ OOOOOOfO 3 

; 00 c 

^ ^ sign_ext_api:0] 

00000000 

0000000a ; 


00000000 


0000000a 3 


00000000 


; 00 c 


194 


























































































































































































▼ % Outputs 

0 










fregdst_a 








fregwrite_a 

0 





- ! 





H falusrc_a 

0 










fmemread a 

0 










H fmemwrite a 

0 










H fmemtoreg_a 

0 










fbeq_a 

0 










fbne_a 

0 










H fblz_a 

0 










fbgz_a 

0 










fblez a 

0 










H fbgez.a 

0 









fjump_a 

0 










IQl firqp.a 

0 










^ ^ faluop_a[3:0] 

0 

7 ) 

J 0 ) 


7 


i 0 ) 


7 


► ^ fwb_reg_addrl.a[4 

0 





0 





^ ^ fwb_reg_addr2_a[4 

0 





0 





^ ^ fshamt_a[4:0] 

0 





0 





► ^ fregl_at31:0] 

00000000 

00000000 ) 

( ffffffff ) 


00000000 


ffffoooo ) 


00000000 


p . ^ freg2_a|31:0] 

00000000 





00000000 





► ^ fjump_addr_a[31:0; 

00000000 

00000000 ) 

( 08800028 ) 


00000000 


; 02800028 ) 


00000000 


^ fpc4_addr_aI31:0] 

00000000 

00000098 ) 

( 000000b8 

i OOOOOObc 

; OOOOOOcO ) 

000000C4 i 000000e4 ) 

; OOOOOOeS ) 

; OOOOOOec ) 

: 00 c 

^ ^ fsign_ext_a|31:0] 

00000000 

00000000 ) 

: OOOOOOOa ; 


00000000 

OOOOOOOa ) 


00000000 




192 ns 1 

194 ns 1 

196 ns 1 

198 ns 1 


204 ns 1 


Name 

1 Value 

200 ns 1 

202 ns 1 

206 ns 1 

208 ns 

▼ ID/EX Register 

0 









— 

n elk 

I 

1 

1 

1 

- 1 

1 

- 1 

1 

▼ Inputs 

0 










14 regdst.a 







regwrite a 

0 










1 || alusrc a 

0 









— 

H memread_a 

0 









memwrite a 

0 









lj| memtoreg a 

0 










14 beq_a 

0 









bne a 

0 










blz_a 

0 










bgz_a 

0 










1 |^ blez_a 

0 










bgez a 

0 










Jump_a 

0 









14 irqp.a 

0 










^ ^ aluop_a|3;0] 

0 

t 0 ) 


7 


: 0 ) 


7 


; 

^ ^ wb_reg_addrl_a[4: 

0 

f 1 ) 




c 





^ wb_reg_addr2_a[4: 

0 




0 





; 

^ ^ shamt_a[4:0] 

0 




0 





; 

► regl_a[31:0] 

00000000 

joooo.. X ^ 

bo4f X 

0000 

)000 

X ooo( 

iffff X 


10000000 


^ ^ reg2_api:0] 

00000000 

DOOOO... X 0000 

D05f X 




lOOOOOOO 




^ ^ Jump_addr_api:0] 

00000000 

; 01040028 ) 


00000000 


' 02000028 ) 


00000000 


^ QOC 

► ^ pc4_addr_api:0] 

00000000 

^ 00000110 ) 

J 00000114 ) 

[ 00000118 ) 

[ 0000011c ) 

; 0000013c ) 

: 00000140 J 

J 00000144 ] 

; 00000148 

; 00c 

^ l\|f sign ext aPl:01 

00000000 

; 0000000a ) 


00000000 


' OOOOOOOa ) 


00000000 


; QOC 

T Outputs 

0 










H fregdst_a 








fregwrite a 

0 










falusrc a 

0 










H fmemread_a 

0 










fmemwrite a 

0 










fmemtoreg a 

0 










H fbeq_a 

0 










fbne a 

0 










14 fblz_a 

0 










H fbgz_a 

0 










fblez_a 

0 










fbgez_a 

0 










H fjump_a 

0 









firqp.a 

0 










^ ^ faluop_aP:0] 

0 

7 i 

0 J 


7 


; 0 


7 


► fwb_reg_addrl_a[4 

0 

0 ) 

1 ) 




0 




^ ^ fwb_reg_addr2_a[4 

0 





0 





^ ^ fshamt_a[4:0] 

0 





0 





^ fregl.apirO] 

00000000 

00000000 ) 

0001004f ) 


00000000 


ooooffff ) 


00000000 


► ^ freg2_api:0] 

00000000 

00000000 j 

OOOOOOSf ) 




00000000 




► ^ fjump_addr_api:0; 

00000000 

00000000 ) 

( 01040028 ) 


00000000 


02000028 ) 


00000000 


p, ijg fpc4_addr_api:0] 

00000000 

[ OOOOOOfO ) 

f 00000110 ) 

; 00000114 

; 00000118 ; 

0000011c X 0000013c ; 

; 00000140 

00000144 ) 

; QOC 

► ^ fsign_ext_api:0] 

00000000 

00000000 j 

1; OOOOOOOa 

00000000 

X OOOOOOOa 

; 

00000000 



195 












































































































































































Name 1 

1 Value 1 

▼ Til ID/EX Register 


n elk 

0 

▼ Inputs 


H regdst_a 

0 

H regwrite_a 

0 

alusrc.a 

0 

H memread_a 

0 

memwrite_a 

0 

memtoreg.a 

0 

beq_a 

0 

H bne_a 

0 

blz_a 

0 

bgz_a 

0 

H blez.a 

0 

bgez_a 

0 

Jump_a 

0 

irqp.a 

0 

^ aluop_a[3:0] 

0 

^ HJ wb_reg_addrl_a[4: 

0 

wb_reg_addr2_a[4; 

0 

^ ^ shamt_a[4:0] 

0 

^ ^ regl_api:0] 

00000000 

^ ^ reg2_api:0] 

00000000 

^ ^ jump_addr_api:0] 

00000000 

^ *0 pc4.addr.api:0] 

00000000 

► sign_ext_api:0] 

00000000 

▼ 111’ Outputs 


Iji fregdst_a 

0 

fregwrtte_a 

0 

falusrc_a 

0 

fmemread_a 

0 

H fmemwrite_a 

0 

H fmemtoreg_a 

0 

l|l fbeq_a 

0 

fbne_a 

0 

fblz_a 

0 

fbgz_a 

0 

H fblez.a 

0 

fbgez_a 

0 

fjump_a 

0 

H firqp_a 

0 

^ ^ faluop_ap:0] 

0 

^ ^ fwb_reg_addrl_a[4 

0 

► fwb_reg_addr2_a[4 

0 

^ ^ fshamt_a[4:0] 

0 

^ ^ fregl.api:0] 

00000000 

► •i freg2_api:0] 

00000000 

► ^ fjump_addr_api:0; 

00000000 

^ ^ fpc4.addr_api:0] 

00000000 

► fsign_ext_api:0] 

00000000 


1 Name | 

1 Value 1 

▼ % i ID/EX Register 


R elk 

0 

▼ ]li' Inputs 


regdst.a 

0 

regwrite_a 

0 

alusrc_a 

0 

memread_a 

0 

H memwrite_a 

0 

H memtoreg_a 

0 

ljl beq_a 

0 

bne_a 

0 

blz_a 

0 

bgz_a 

0 

blez_a 

0 

bgez.a 

0 

Jump_a 

0 

irqp.a 

0 

^ ^ aluop.apiO] 

0 

^ wb_reg_addrl_a[4: 

0 

^ wb_reg_addr2_a[4: 

0 

^ ^ shamt_a[4:0] 

0 

^ ^ regl.apirO] 

00000000 

^ reg2_api:0] 

00000000 

^ ^ jump.addr.apirO] 

00000000 

^ ^ pe4_addr_api:0] 

00000000 

^ sign_ext_api:0] 

00000000 


208 ns 1 

210 ns 1 

212 ns 1 

214 ns 1 

216 ns 1 

218 ns 1 

220 ns 1 

222ns 1 

224 ns 










1 

1 

1 

1 

1 

1 

1 

1 





































































































































7 


; 0 : 


7 






0 





; 21 

10 ) 




0 




: 3 

1 : 




0 





00000000 


X 0000 

)055 X 

00000000 

X 0000 

)055 X 

lOOOOOO 


00000000 


X 0000 

)055 X 

00000000 

X 0000 

)055 X 

WOOOOO 

[ 0002bfl0 5 

: oooisfso : 




00000000 




; 00000168 ; 

: 0000016c : 

: 00000170 : 

^ 00000174 ) 

; 00000178 ) 

: 0000017c : 

; 00000180 ; 

: 00000184 ; 

: OOC 

; 0000afc4 

( 000057e4 1 




00000000 








































































































































7 ; 




7 


: 0 ) 







0 





0 ) 

( 21 

: 10 ) 







0 : 

: 3 

1 ) 








OOOOC 

000 


; 00000055 ) 

; 0000 

}ooo ; 

[ 00000055 ) 

; OOC 


OOOOC 

000 


[ 00000055 : 

: 0000 

woo : 

: 00000055 : 

: OOC 

00000000 i 

1 : ooo2bfio : 

: 00015f90 ) 



0000 

)000 



[ 00000148 ; 

; 00000168 ; 

: 0000016c ) 

J 00000170 ) 

; 00000174 ) 

: 00000178 : 

J 0000017c : 

: 00000180 ) 

; OOC 

00000000 : 

: 0000afc4 : 

: 000057e4 ; 



0000 

)000 





226 ns 1 

228ns 1 

230 ns 1 

232 ns 1 

234 ns 1 

236 ns 1 

238 ns 1 

240 ns 

j224ns 1 









1 

1 

1 

1 

1 

1 

1 

1 
































































































































7 ; 





; 2 j 

' 3 ) 

; 5 ) 


0 J 

J 1 ) 

; 2 ; 







0 


[ 31 ) 



; 3 3 

; 4 ; 

[ 5 ) 


0 


; 31 ) 







00000000 

X 0000 

)055 X 

0000 

WOO 

X 


D000005f 


00000000 

X 0001 

)Oae X 0001 

304f X 

00000000 

X 


OOOOfffO 


00000000 ; 

: 00040028 ^ 

f OOObffcO 

f 0000 

woo ) 

[ 00886090 ) 

[ 00888094 ) 

[ 0088a09c ) 

: 00£ 

: 00000188 ; 

( 00000004 

; 00000008 ) 

( 0000000c ) 

00000010 ) 

; 00000014 ; 

[ 00000018 ) 

; 0000001c ) 

: OOC 

00000000 ) 

( 0000000 a 

OOOOfffO ) 

( 0000 

DOOO ) 

00001824 ) 

^ 00002025 ) 

; 00002827 ; 

; OOC 


196 

























































































































































































T Outputs 

fregdst_a 

0 

H fregwrite_a 

0 

H falusrc_a 

0 

fmemread.a 

0 

H fmemwrite_a 

0 

H fmemtoreg_a 

0 

fbeq_a 

0 

H fbne_a 

0 

fblz_a 

0 

fbgz_a 

0 

fblez.a 

0 

fbgez.a 

0 

H fjump_a 

0 

firqp.a 

0 

^ ^ faluop_ap:0] 

0 

► ^ fwb_reg_addrl_a[4 

0 

^ fwb_reg_addr2_a['^ 

0 

^ i|j fshamt_a[4;0] 

0 

► ^ fregl.apirO] 

00000000 

^ in freg2_api:0] 

00000000 

► ^ fjump_addr_api:0; 

00000000 

^ Wfi fpc4_addr_api:0] 

00000000 

► ^ fsign_ext_api:0] 

00000000 


1 Name | 

1 Value 1 

T Ifc UD/EX Register 


elk 

0 

▼ Inputs 


regdst.a 

0 

regwrite_a 

0 

alusrc_a 

0 

memread.a 

0 

H memwrite_a 

0 

memtoreg_a 

0 

1|| beq_a 

0 

14 bne_a 

0 

blz_a 

0 

bgz_a 

0 

H blez.a 

0 

1|^ bgez_a 

0 

IQl Jump_a 

0 

irqp.a 

0 

^ Bjl aluop_ap;0] 

0 

^ ^ wb_reg_addrl_a[4: 

0 

1^ ^ wb_reg_addr2_a[4: 

0 

^ iH shamt_a[4:0] 

0 

^ m regl_api:0] 

00000000 

^ ^ reg2_api:0] 

00000000 

^ 1^ jump_addr_api:0] 

00000000 

^ pc4.addr.api;0] 

00000000 

► ^ sign_ext_api:0] 

00000000 

T ]ll’ Outputs 


l|l fregdst_a 

0 

H fregwrite_a 

0 

H falusrc_a 

0 

fmemread_a 

0 

H fmemwrite_a 

0 

fmemtoreg.a 

0 

fbeq_a 

0 

l|l tbne_a 

0 

fblz_a 

0 

fbgz_a 

0 

H fblez_a 

0 

l|l fbgez.a 

0 

1^1 fjump_a 

0 

H firqp.a 

0 

^ faluop_ap;0] 

0 

► *13 fwb_reg_addil_a[4 

0 

^ 1^ fwb_reg_addr2_a[4 

0 

l\3 tshamt_a[4:0] 

0 

► ^ fregl_api:0] 

00000000 

► ^ freg2_api:0] 

00000000 

► *^3 fjump_addr_api:0; 

00000000 

p, ^ fpc4_addr_api:0] 

00000000 

► ^ fsign_ext_api:0] 

00000000 









































































































































7 

J 





3 2 ; 

3 3 3 


0 

■) 

( 1 ; 

; 2 3 




2 



0 


; 31 ; 



3 3 3 

3 4 ; 



0 


; 31 3 



0 



0000 

)000 ) 

( 00000055 


00000000 



0000005f 


0000 

)ooo ;| 

( OOOlOOae 

0001004f 

0000 

DOOO 3 


OOOOfffO 


ooooc 

000 

( 00040028 

OOObffcO 

; 0000 

1000 3 

00886090 

00888094 3; 

3 008 

00000184 ; 

; 00000188 ; 

( 00000004 

00000008 

0000000c ) 

3 00000010 3 

00000014 ; 

00000018 ; 

00c 

ooooc 

000 

( 0000000a 

OOOOfffO 

3 0000 

1000 3 

00001824 

00002025 

00c 

240 ns 1 

242 ns 1 

244 ns 1 

246 ns 1 

248 ns 1 

250 ns 1 

252 ns 1 

254 ns 1 

256 ns 










1 

1 

1 

1 

1 

1 

1 

1 







































































































































[ 4 ) 

; 0 ) 

; 7 : 

3 9 3 

3 6 ) 

3 8 3 

3 0 3 

3 1 3 


2 ) 



3 8 3 

3 7 ) 

3 8 3 




; 6 ) 

j 0 3 

; 8 3 

3 7 3 

3 8 ) 

3 7 3 

3 9 3 

3 10 3 


0 


; 2 3 

3 4 3 






OOOOOOSf 

y 


0000 

)000 


X 

0000005f 


OOOOfffO 

X 

0000 

)000 

X 0000 

1006 X 0000 

1000 X 

OOOOfFR) 


; 0088C098 ) 

J OOlcOOlS ) 

[ 001d0200 3 

3 00206408 3 

3 OOldOOlO ) 

3 00206018 3 

3 00892080 3 

3 00894088 3 

3 01 

; oooooozo ) 

: 00000024 3 

[ 00000028 : 

3 0000002 c 3 

3 00000030 ) 

3 00000034 3 

3 00000038 3 

3 0000003c 3 

: 00c 

[ 00003026 ) 

: 00000006 3 

[ 00004080 3 

3 00003902 3 

3 00004004 ) 

3 00003806 3 

3 00004820 3 

3 00005022 3 

3 00 







































































































































: 5 ) 

; 4 3 

J 0 

3 7 

3 9 3 

3 6 3 

3 8 3 

3 0 


2 




3 8 3 

3 7 3 

3 8 3 



( 5 ) 

6 3 

' 0 

3 8 ) 

3 7 3 

3 8 3 

3 7 3 

3 9 ) 



0 


3 2 ) 

3 4 3 





OOOOC 

05f 3 



00000000 



3 0000 

)05f 

0000 ' 

ffo 3 


00000000 


3 00000006 3 

3 00000000 3 

3 000c 

fffO 

[ 0088a09c ) 

; 0088C098 3 

^ OOlcOOlS 

3 001 d0200 ) 

3 00206408 3 

3 OOldOOlO 3 

3 00206018 3 

3 00892080 ) 

3 008 

^ 0000001c ) 

: 00000020 3 

: 00000024 

3 00000028 ) 

3 0000002 c 3 

3 00000030 3 

3 00000034 3 

3 00000038 ) 

3 00c 

J 00002827 ) 

[ 00003026 : 

: 00000006 

3 00004080 ) 

3 00003902 3 

3 00004004 3 

3 00003806 3 

3 00004820 ) 

3 00c 


197 




























































































































































Name | 

1 Value 1 

▼ ^ iID/EX Register 


elk 

0 

▼ ^j" Inputs 


regdst_a 

0 

H regwrite_a 

0 

alusrc_a 

0 

memread_a 

0 

Hj| memwrite_a 

0 

H memtoreg_a 

0 

14 beq_a 

0 

l|l bne_a 

0 

biz.a 

0 

bgz_a 

0 

blez_a 

0 

bgez.a 

0 

l|l jump_a 

0 

l|l irqp.a 

0 

^ aluop_a[3:0] 

0 

^ ^ wb_reg_addrl_a[4: 

0 

^ ^ wb_reg_addr2_a[4: 

0 

^ ^ shamt_a[4:0] 

0 

► ^ regl_a[31:0] 

00000000 

^ ^ reg2_a[31:0] 

00000000 

^ ^ jump_addr_a[31:0] 

00000000 

► ^ pc4_addr_api:0] 

00000000 

^ ^ sign_ext_a[31:0] 

00000000 

W Outputs 


14 fregdst_a 

0 

H fregwrite_a 

0 

falusrc_a 

0 

fmemread.a 

0 

H fmemwrite_a 

0 

fmemtoreg_a 

0 

fbeq_a 

0 

H fbne_a 

0 

fblz_a 

0 

fbgz_a 

0 

H fblez.a 

0 

1 ^ fbgez.a 

0 

lj| fjump_a 

0 

H firqp_a 

0 

^ ^ faluop_a[3:0] 

0 

^ ^ fwb_reg_addrl_a[4 

0 

^ ^ fwb_reg_addr2_a[4 

0 

^ ^ fshamt_a[4:0] 

0 

^ ^ fregl_a[31:0] 

00000000 

► •i freg2_a[31:0] 

00000000 

► ^ fjump_addr_a[31:0; 

00000000 

^ fpc4_addr_api:0] 

00000000 

► ^ fsign_e)ct_api:0] 

00000000 


256 ns 1 

258ns 1 

260 ns 1 

262 ns 1 

264ns 1 

266 ns 1 

268 ns 1 

270 ns 1 

272 ns 










1 

1 

1 

1 

1 

1 

1 

1 
















































— 















































































: 2 

3 J 


1 

) 



0 


: 11 y 

^ 12 ) 

[ 10 ) 

; 9 ) 

[ 15 ) 

[ 16 J 

[ 17 : 

' 11 y 


: 31 : 

^ 0 ) 

; 13 ) 

; 14 ; 



0 



;— 31 - 

i 



( 





JOOOO... X 

OOOOfffO 

X 0001 

D04f X ffffi 

06f X 0001 

D04f X fffR 

X 

1. 

00000000 


—-- 1 

booofffo 

X ffffl 

06f X 0001 

304f X 

00000000 


fff X 000( 

m 

' 012ffffc } 

j: 01300000 

: 04a9a0a8 ] 

: 0525c0a8 ) 

: o4bcooio : 

: 05400010 : 

[ 00440000 : 

: 002C0010 : 

: 00c 

: 00000040 i 

k 00000044 ) 

[ 00000048 ) 

: 0000004c ; 

: 00000050 ) 

[ 00000054 ) 

[ 00000058 : 

[ 0000005c ) 

[ 00c 

[ ooooffff i 

i 00000000 ) 

[ 0000682a ] 

: 0000702a ) 

; 0000 

)oo4 : 

[ 00000000 ; 

00000004 ] 

: 00c 













































_ 






















































































; 1 ; 

: 2 : 

: 3 


1 

) 




2 ) 

: 11 ; 

: 12 ) 

' 10 ) 

; 9 ) 

; 15 ) 

k 16 ; 

' 17 ) 


; 10 ; 

: 31 : 

: 0 ) 

[ 13 ) 

; 14 ] 





0 ; 

: 31 : 




0 




OOOOOOSf ) 

[ oooc 

fffO ) 

[ 0001004f 5 

i fffR)06f ) 

[ 0001004f ) 

J fffR)06f ) 

[ 0000 

>000 


OOOOfffO 


f ffff006f ) 

; oooioo4f ) 

: 0000 

)ooo : 

: ffffffff ) 

: 001 

00894088 ; 

: oi2ffffc : 

: 01300000 ) 

; 04a9a0a8 ) 

[ 0525c0a8 ] 

; 04bc0010 ) 

: 05400010 : 

: 00440000 ) 

: 002 

: 0000003c ) 

( 00000040 : 

J 00000044 ) 

J 00000048 ) 

; 0000004c ) 

; 00000050 ) 

J 00000054 ) 

^ 00000058 ) 

^ 00c 

; 00005022 ) 

: ooooffff ; 

: 00000000 ) 

^ 0000682a ) 

[ 0000702a ) 

: 0000 

)oo4 : 

: 00000000 ) 

: 00c 


Name 1 

1 Value 1 

|272ns 1 

274 ns 1 

276 ns 1 

278 ns 1 

280 ns 1 

282 ns 1 

284 ns 1 

286 ns ^ 

288 ns 

▼ 1|{|ID/EX Register 

0 

1 









n elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ V Inputs 

0 










H regdst_a 







l|l regwrite_a 

0 










alusrc a 

0 










memread a 

0 










H memwrite_a 

0 










memtoreg_a 

0 










beq_a 

0 










bne_a 

0 









biz a 

0 










bgz a 

0 










H blez_a 

0 










ljl bgez_a 

0 









Jump_a 

0 










irqp.a 

0 










^ ^ aluop_ap:0] 

0 

0 ) 


7 


; 0 ) 


7 



^ wb_reg_addrl_a[4: 

0 


c 



; 2 ) 





^ ^ wb_reg_addr2_a[4: 

0 





0 





^ ijj shamt_a[4:0] 

0 





0 





^ ^ regl_api:0] 

00000000 


c 

0000000 


X oood 

305f X 

0000 

)000 


^ ^ reg2_api:0] 

00000000 

boooW) X 


00000000 


X oooc 

fffo X 


10000000 


^ ^ Jump_addr_api:0] 

00000000 

f,; Q0000028 ) 


00000000 


: 00880028 


00000000 


; 08 S 

^ ^ pc4_addr_api:0] 

00000000 

[; 00000060 ) 

f 00000064 ) 

; 00000068 

; 0000006c ) 

0000008c ) 

[ 00000090 J 

J 00000094 ) 

: 00000098 ) 

[ QQC 

^ ^ sign_ext_api:0] 

00000000 

[; 0000000a ) 


00000000 


0000000a 


00000000 


^ 00 c 


198 

























































































































































































▼ % Outputs 

0 










fregdst_a 







freqwrite a 

0 





1 





1^1 falusrc a 

0 










H fmemread_a 

0 









fmemwrite_a 

0 










fmemtoreg_a 

0 









H fbeq_a 

0 










fbne.a 

0 









fblz_a 

0 










fbgz a 

0 










fblez.a 

0 










H fbgez_a 

0 










fjump_a 

0 










firqp_a 

0 










^ ^ faluop_a|3:0] 

0 

0 

) 


7 


( 0 ) 


7 


^ ^ fwb_reg_addrl_a[4 

0 

11 





( 2 ) 


0 


^ 1|^ fwb_reg_addr2_a[4 

0 





0 





^ ^ fshamt_a[4:0] 

0 





0 





► ^ fregl_at31:0] 

00000000 



00000000 



; 000000 5f ) 


00000000 


► ^ freg2_a|31:0] 

00000000 

OOOOfffD 


0000 

woo 


OOOOfffO ) 


00000000 


► ^ fjump_addr_a[31:0; 

00000000 

002C0010 ) 

( 00000028 ) 


00000000 


( 00880028 ) 


00000000 


^ ^ fpc4_addr_api:0] 

00000000 

[; 0000005c ) 

; 00000060 I 00000064 ) 

00000068 ; 

; 0000006c 

( 0000008c ) 

^ 00000090 

;; 00000094 ; 

; 00c 

► ^ fsign_ext_api:0] 

00000000 

1; 00000004 ) 

; 0000000a 

00000000 


[ 0000000a 3 


00000000 



Name I 

1 Value 1 

288 ns 1 

290 ns 1 

292 ns 1 

294 ns 1 

296 ns 1 

298 ns 1 

300 ns 1 

302 ns 1 

304 ns 

▼ ID/EX Register 

0 










n elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

0 










regdst.a 







regwrite a 

0 










IJl alusrc a 

0 










H memread.a 

0 










memwrite a 

0 










1|| memtoreg a 

0 










14 beq_a 

0 










bne_a 

0 










biz a 

0 










bgz_a 

0 










blez a 

0 










bgez a 

0 









Jump a 

0 









irqp_a 

0 










^ Ijl aluop_ap;0] 

0 

; 0 ) 


7 


; 0 ) 

( 

7 


( 

^ ^ wb_reg_addrl_a[4: 

0 




0 





i 

^ ^ wb_reg_addr2_a[4: 

0 





0 





^ shamt_a[4:0] 

0 





0 





^ regl_api:0] 

00000000 

joooo... X ffff 

W X 

0000 

woo 

X ™ 

000 X 

0000 

DOOO 


^ ^ reg2_api:0] 

00000000 





0000000 





^ ^ Jump_addr_api:0] 

00000000 

; 08800028 ; 


00000000 


^ 02800028 ) 


00000000 


( QIC 

^ ^ pc4_addr_api:0] 

00000000 

; OOOOOObS i 

OOOOOObc ) 

; ooooooco ) 

; 000000C4 ; 

J 000000e4 ) 

( OOOOOOeS ) 

; OOOOOOec J 

( OOOOOOfl) ) 

( OQC 

^ ^ sign ext api:01 

00000000 

[ 0000000a ) 


00000000 


^ 0000000a ) 

( 

00000000 


( OOC 

T Outputs 

0 










fregdst_a 








H fregwrite_a 

0 










14 falusrc_a 

0 










fmemread_a 

0 










H fmemwrite_a 

0 










fmemtoreg_a 

0 










fbeq_a 

0 










ljl fbne_a 

0 










H fblz_a 

0 










l|l fbgz_a 

0 










fblez_a 

0 










14 fbgez_a 

0 









fjump_a 

0 










firqp.a 

0 










^ ^ faluop_aP:0] 

0 

7 

: 0 ) 


7 

) 

; 0 ) 


7 


► fwb_reg_addrl_a[4 

0 





0 





^ iU fwb_reg_addr2_a[4 

0 





0 





^ i|| fshamt_a[4:0] 

0 





0 





^ fregl_api:0] 

00000000 

00000000 

ffffffff ) 


00000000 

) 

: ffffoooo ) 


00000000 


^ freg2_api:0] 

00000000 





00000000 





► ^ fjump_addr_api:0; 

00000000 

00000000 

[ 08800028 ) 


00000000 

) 

; 02800028 ) 


00000000 


^ fpc4_addr_api:0] 

00000000 

; 00000098 

; 00000068 ) 

; OOOOOObc ) 

; ooooooco ) 

: 000000C4 ) 

; 000000e4 ) 

; 00000068 ) 

OOOOOOec ) 

: OOC 

► fsign_ext_api:0] 

00000000 

00000000 

; 0000000a ) 


00000000 

) 

; 0000000a ) 


00000000 

_ 


199 















































































































































































Name I 

Value 


304 ns 1 

306 ns 1 

308 ns 1 

310 ns 1 

312ns 1 

314 ns 1 

316 ns 1 

318 ns ^ 

320 ns 

▼ ID/EX Register 

0 










R elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

0 










H regdst.a 








IQl regwrite a 

0 










ljl alusrc a 

0 










H memread.a 

0 










memwrite a 

0 










memtoreg a 

0 










beq_a 

0 










bne_a 

0 










blz_a 

0 










bgz a 

0 










H blez_a 

0 










bgez a 

0 










Jump a 

0 









irqp.a 

0 










^ ^ aluop_a[3:0] 

0 



7 


[ 0 ) 





^ wb_reg_addrl_a[4: 

0 

; 1 ) 









^ wb_reg_addr2_a[4: 

0 





0 





shamt_a[4:0] 

0 





0 





^ regl_aI31:0] 

00000000 

30000... X 0001 

O04f X 

0000 

)000 

X 0001 

iffff X 


10000000 


^ ^ reg2_a|31:0] 

00000000 

00000 .. X 000^ 

305f X 




10000000 




^ Jump_addr_api:0] 

00000000 

[ 01040028 ) 


00000000 


[ 02000028 


OOOOI 

1000 


^ *11 pc4_addr_a^l:0] 

00000000 

; 00000110 ) 

: 00000114 ) 

^ 00000118 ) 

: 0000011 c ) 

; 0000013c 

; 0000 afb 8 ) 

( OOOOafbc ) 

J OOOOafcO ) 

; 00 c 

^ sign_ext_api; 0 ] 

00000000 

[ 0000000 a ) 


00000000 


; 0000000 a 


OOOOI 

1000 


▼ Outputs 

0 










l|l fregdst_a 








H fregwrite_a 

0 










falusrc_a 

0 










H fmemread.a 

0 










fmemwrite_a 

0 










fmemtoreg_a 

0 










fbeq_a 

0 










H fbne_a 

0 










fblz_a 

0 










fbgz_a 

0 










H fblez.a 

0 










fbgez.a 

0 










l|l fjump_a 

0 









H firqp.a 

0 










^ ^ faluop_aP: 0 ] 

0 

7 ) 

: 0 5 


7 


: 0 ) 


7 


^ ^ fwb_reg_addtl_a[4 

0 

0 ] 

' 1 ) 




0 




► *18 fwb_reg_addr2_a[4 

0 





0 





^ ^ fshamt_aI4:0] 

0 





0 





^ •i fregl.apirO] 

00000000 

00000000 ) 

J 0001004f ) 


00000000 


: ooooffff ) 


00000000 


► freg 2 _api: 0 ] 

00000000 

00000000 i 

OOOOOOSf ) 




00000000 




► ^ fjump_addr_api: 0 ; 

00000000 

00000000 ^ 

[ 01040028 ) 


00000000 


[ 02000028 ) 


00000000 


^ fpc4.addr.api:0] 

00000000 

oooooofO ) 

[ 00000110 ) 

; 00000114 ) 

: 00000118 ; 

^ 0000011 c ) 

; 0000013c ) 

; 0000 afb 8 ; 

^ OOOOafbc ) 

; 00 c 

► *18 fsign_ext_api: 0 ] 

00000000 

00000000 ) 

^ 0000000 a ) 


00000000 


[ 0000000 a ) 


00000000 



Name I 

1 Value 

IP”"? . 

322 ns 1 

324 ns 1 

326 ns 1 

328 ns 1 

330 ns 1 

. 

334 ns 1 

▼ "jti ID/EX Register 

0 

1 









14 elk 


1 

1 

1 

1 

1 

1 

1 

1 

▼ Si' Inputs 

0 









regdst_a 






regwrite_a 

0 









alusre_a 

0 









memread a 

0 









Hy memwrite_a 

0 









memtoreg a 

0 









beq_a 

0 









bne a 

0 









14 blz_a 

0 









bgz a 

0 









blez_a 

0 









bgez_a 

0 









jump_a 

0 









1|| irqp.a 

0 








^ 118 aluop_ap: 0 ] 

0 

7 





7 


: 0 ) 

^ ^ wb_reg_addrl_a[' 

0 


0 


k 18 ) 





^ wb_reg_addr 2 _a[‘ 

0 

0 


: 21 ) 

' 10 ) 





^ ^ shamt_a[4:0] 

0 

0 


: 3 






^ ^ regl_api; 0 ] 

00000000 



00000000 



X 

00000055 

XOOOOO... ) 

► ^ reg 2 _api: 0 ] 

00000000 



00000000 



X 

00000055 

Xooooo... ) 

^ S8 jump_addr_api :0 

00000000 

0000c 

000 ) 

: 0002bfl0 ) 

^ 00495f90 ) 


0000 

1000 


^ *18 pe4_addr_api:0] 

00000000 

0000afc4 ) 

0000 afc 8 ) 

( 00000168 ) 

f 0000016c 5 

[ 00000170 ; 

[ 00000174 ) 

[ 00000178 ) 

: 0000017c ) 

^ ■18 sign_ext_api: 0 ] 

00000000 

0000c 

000 ) 

: 0000afc4 ) 

^ 00005764 ) 


0000 

1000 



200 




























































































































































































2 jp; 


▼ ^1 Outputs 

fregdst.a 

0 

H fregwrite_a 

0 

falusrc.a 

0 

fmemread.a 

0 

fmemwrite_a 

0 

H fmemtoreg_a 

0 

fbeq_a 

0 

H fbne_a 

0 

1 || fblz_a 

0 

fbgz_a 

0 

fblez.a 

0 

fbgez.a 

0 

fjump_a 

0 

firqp_a 

0 

^ BU faluop_a[3:0] 

0 

^ ^ fwb_reg_addrl_a 

0 

► ^ fwb_reg_addr2_a 

0 

^ fshamt.a[4;0] 

0 

^ ^ fregl_api:0] 

00000000 

^ freg2_api:0] 

00000000 

^ ^ fjump_addr_api:i 

00000000 

^ Bg fpc4.addr.api:0] 

00000000 

► *0 tsign_ext_api:0] 

00000000 



H. EX STAGE 


Name I 

1 Value 


0 ns 1 

. 1.... 

. 1.... 

6 ns 1 

8 ns 1 

10 ns 1 

12ns 1 

14 ns 1 

16 ns 

T EX stage 

▼ Inputs 

0 










alusrc a 



1|| beq_a 

0 










1|^ bgez.a 

0 










bgz a 

0 










blez a 

0 










blz_a 

0 










bne a 

0 










irqp a 

0 








1 


Jump a 

0 










memread_a 

0 










memtoreg a 

0 










memwrite_a 

0 










regdst_a 

0 










Ij^ regwrite_a 

0 










^ ^ aluop_ap:0] 

0 







; 2 ) 

; 3 ) 

; 

^ shamt_a[4:0] 

0 


0 


; 31 ; 



0 



^ ^ wb_reg_addrl_a[4: 

0 



; 1 ) 

; 2 ) 




2 


^ ^ wb_reg_addr2_a[4: 

0 


0 


; 31 ) 



3 ) 

' 4 ) 

; 

^ addrjn_api:0] 

00000000 

0000 

jooo ; 

; 00000004 ) 

; 00000008 ) 

; 0000000c 

; 00000010 ) 

; 00000014 ) 

00000018 ) 

; 00c 

► reg_opl_api:0] 

00000000 



0000 

)000 




OOOOOOOa 


^ ^ reg_op2_api:0] 

00000000 



0000 

DOOO 




oooofffo 


^ ^ imm_op2_api:0] 

00000000 

0000 

jooo ; 

; OOOOOOOa ) 

oooofffo ) 

0000 

DOOO ) 

; 00001824 ) 

; 00002025 J 

; 00c 

^ ^ Jump_addr_api:0] 

00000000 

; 0000 

DOOO ; 

; 00040028 ) 

; OOObffcO 

; 0000 

DOOO ) 

; 00886090 ) 

00888094 ; 

f QOS 

T Outputs 

fbeq_a 

0 










fbgez.a 

0 










fbgz_a 

0 










fblez.a 

0 










fblz_a 

0 










H fbne.a 

0 










H firqp.a 

0 










H fjump_a 

0 










fmemread.a 

0 










fmemtoreg_a 

0 










H fmemwrite_a 

0 










H fregwrite_a 

0 










seq_a 

0 










14 sgez_a 

0 










sgz_a 

0 










slez_a 

0 










H slz_a 

0 





_ 


1 



H sne_a 

0 










^ ^ wb_reg_addr_a[4:0 

0 



( T ) 

' 2 ) 

! ? 

' ) 

r 3 

( 4“ ) 


► wr_mem_data_api 

00000000 



0000 

)000 

1 



oooofffo 


► ^ fjump_addr_api:0; 

00000000 

; 0000 

pooo ) 

00040028 ) 

; OOObffcO ) 

oooi 

)000 ) 

: 00886090 ) 

: 00888094 

; 008 

^ Bg alu_result.a[31:0] 

00000000 

0000 

DOOO OOOOOOOa ) 

OOOOfffO 

; 

00000000 


; OOOOfffa 

fff 

► ^ br_addr_out_api:C 

00000000 

; 0000 

Dooo 0000002c ) 

; 0003ffc8 

0000000c 

; 00000010 ) 

[ 000060a4 ] 

; 000080ac ) 

; 00c 


201 























































































































































Name | 

Value 


16 ns 1 

18 ns 1 

20 ns 1 

22ns 1 

24 ns 1 

26 re 1 

28re , 

30 ns 1 

32ns 

▼ EX Stage 

▼ ]ll' Inputs 

alusrc.a 

0 










beq_a 

0 










bgez a 

0 










bgz_a 

0 










blez a 

0 










biz a 

0 










bne a 

0 










irqp.a 

0 










Jump a 

0 










memread a 

0 










H memtoreg_a 

0 










memwrite_a 

0 










lj| regdst_a 

0 










regwrite_a 

0 










^ ^ aluop_a[3:0] 

0 

[ 5 ) 


^ 0 3 

^ 7 3 

: 9 3 

; 6 3 

f 8 3 

f 0 3 


^ shamt_a[4:0] 

0 


0 


' 2 3 

; 4 





^ wb_reg_addrl_a[4: 

0 

2 




; 8 

: 7 3 

J 8 3 



^ m wb_reg_addr2_a[4: 

0 

[ 5 ) 

: 6 ) 

^ 0 3 

' 8 3 

[ 7 3 

: 8 3 

' 7 3 

' 9 3 


^ ijj addr_in_a[31:0] 

00000000 

; 0000001c ) 

: 00000020 ; 

^ 00000024 3 

J 00000028 3 

; 0000002c 

: 00000030 3 

J 00000034 3 

; 00000038 3 

; 00c 

^ ^ reg_opl_a[31:0] 

00000000 

0000c 

OOa ) 



00000000 



; ooool 

)00a 

► reg_op2_api:0] 

00000000 

0000 

^ ) 


00000000 


; 00000006 3 

^ 00000000 3 

; 000c 

fffo 

^ imm_op2_api:0] 

00000000 

; 00002827 ) 

: 00003026 3 

: 00000006 3 

: 00004080 3 

[ 00003902 

: 00004004 3 

t 00003806 3 

: 00004820 3 

; 00c 

^ ^ jump addr aPl:01 

00000000 

[ 0088a09c ) 

: 0088C098 3 

^ 001C0018 3 

; 001d0200 3 

; 0020e408 3 

; ooldoolo 3 

( 0020e018 3 

; 00892080 3 

; oo£ 

T ]ll’ Outputs 
fbeq_a 

0 










fbgez.a 

0 










H fbgz_a 

0 










ljl fblez.a 

0 










1|| fblz_a 

0 










H fbne_a 

0 










lj| firqp_a 

0 










14| fjump_a 

0 










H fmemread_a 

0 










fmemtoreg_a 

0 










H fmemwrite_a 

0 










fregwrite_a 

0 










seq_a 

0 










sgez_a 

0 










sgz_a 

0 










slez_a 

0 










slz_a 

0 










H sne_a 

0 










^ wb_reg_addr_a[4:0 

0 

' 5 ) 

[ 6 3 

; 7 

: 8 ) 

' 7 3 

; 8 3 

[ 7 3 

: 9 3 

( 

► ^ wr_mem_data_api 

00000000 

0000: 

ffO 3 


00000000 


: 00000006 3 

[ 00000000 3 

: 000c 

fffO 

► fjump_addr.api:0; 

00000000 

00000000 

00000000 

^ 0088a09c ) 

; 0088C098 3 

^ 001C0018 

[ 001d0200 ) 

[ 0020e408 3 

: OOldOOlO 3 

; 0020e018 3 

[ 00892080 3 

; QOS 

^ alu_result_api:0] 

^ ffffOOOS ) 

; OOOOfffa 3 

; 00000006 


0000 

)000 


: OOOOfffa 3 

; fff 

^ ^ br_addr_out_api:C 

: OOOOaObS ) 

[ 0000c0b8 3 

: 0000003c 

: 00010228 ) 

J 0000e434 3 

: 00010040 3 

; 0000e04c 3 

: 000120b8 3 

^ 00c 


Name | 

[value 1 

|32ns 1 

34 re 1 

36 ns 1 

38 ns 1 

40 ns 1 

42 ns 1 

44 ns 1 

46 ns 1 

48 ns 

▼ }li EX Stage 
▼ Inputs 

0 

1 









alusrc.a 







beq_a 

0 










bgez a 

0 










bgz_a 

0 










blez a 

0 










biz a 

0 










H bne_a 

0 










irqp a 

0 










l|l Jump_a 

0 










H memread_a 

0 









= 

memtoreg a 

0 









H memwrite_a 

0 








regdst_a 

0 

i 








regwrite_a 

0 










^ ^ aluop_ap:0] 

0 

V 1 ) 

; 2 3 

; 3 ) 







^ ^ shamt_a[4:0] 

0 

0 ) 

; 31 3 




0 




^ ^ wb_reg_addtl_a[4: 

0 

2 3 

V 11 3 

; 12 ) 

; 10 3 

V 9 3 

; 15 3 

; 16 3 

' 17 3 


^ ^ wb_reg_addr2_a[4: 

0 

i; 10 ) 

; 31 3 

; 0 ) 

; 13 3 

3 14 3 





^ Bjl addrjn_api:0] 

00000000 

1 ; 0000003c 5 

; 00000040 3 

; 00000044 ) 

; 00000048 3 

J 0000004c 3 

; 00000050 3 

: 00000054 3 

[ 00000058 3 

; 00c 

► reg_opl_api:0] 

00000000 

0000000a 3 

; 000 c 

fffo ) 

; OOOOfffa 3 

; ffffOOla 3 

; OOOOfffa 3 

[ ffffOOla 3 

^ OOOOi 

)000 

► ^ reg_op2_api:0] 

00000000 

oooofffo 

0000 

DOOO ) 

ffffoo la 3 

OOOOfffa 3 


00000000 


; 001 

^ ^ imm_op2_api:0] 

00000000 

< 00005022 

; ooooffff 3 

00000000 ) 

0000682a 3 

; 0000702a 

0000' 

)004 3 

^ 00000000 3 

; 00c 

ijj Jump_addr_api:0] 

00000000 

t; 00894088 3 

012ffffc 3 

01300000 ) 

04a9a0a8 

0525c0a8 

; 04bc0010 ^ 

; 05400010 3 

^ 00440000 3 

; 00; 


202 














































































































































2 jp; 


T Outputs 

fbeq_a 

0 

H fbgez.a 

0 

H fbgz_a 

0 

fblez.a 

0 

H fblz_a 

0 

14 fbne_a 

0 

firqp.a 

0 

H fjump_a 

0 

fmemread_a 

0 

H fmemtoreg_a 

0 

111 fmemwrite_a 

0 

fregwrite_a 

0 

seq_a 

0 

sgez_a 

0 

sgz.a 

0 

14 s>ez_a 

0 

slz_a 

0 

H sne_a 

0 

^ ^ wb_reg_addr.a[4:0 

0 

► wr_mem_data_a[31 

00000000 

► fjump_addr_a[31:0; 

00000000 

^ ^ alu_result_a[31:0] 

00000000 

^ ^ br_addr_out_a[31:C 

00000000 



Name I 

1 Value 


48 ns 1 

50 ns 1 

52ns 1 

54 ns 1 

56 ns 1 

58 ns 1 

60 ns 1 

62ns 1 

64 ns 

▼ Til” EX Stage 

T ^ Inputs 

0 










alusrc_a 


14 beq_a 

0 









bgez a 

0 









bgz a 

0 










H blez_a 

0 










blz_a 

0 










bne a 

0 










irqp.a 

0 










Jump a 

0 










memread a 

0 










H memtoreg_a 

0 










memwrite_a 

0 










regdst_a 

0 









H regwrite_a 

0 










^ ^ aluop_a[3:0] 

0 

0 



7 


[ 0 ) 


7 


!». ^ shamt.a[4:0] 

0 





0 





^ ^ wb_reg_addtl_a[4: 

0 

[ 11 ) 


c 



: 2 ) 


0 


^ ^ wb_reg_addr2_a[4: 

0 





0 





^ ^ addr_in_a[31:0] 

00000000 

: 0000005c ) 

j 00000060 ; 

( 00000064 ) 

[ 00000068 ) 

; 0000006c 

: 0000008c ) 

t 00000090 ) 

( 00000094 ) 

; 00c 

^ ^ reg_opl_a[31:0] 

00000000 



00000000 



: 0000000a ) 


00000000 


► ^ reg_op2_a[31:0] 

00000000 

; oooofffo ) 


0000 

)000 


' oooofffo ) 


00000000 


^ ^ imm.op2_a[31:0] 

00000000 

; 00000004 ) 

; 0000000a ; 


00000000 


; 0000000a ) 


00000000 


^ ^ Jump addr a|31:01 

00000000 

[ 002C0010 ) 

00000028 ) 


00000000 


: 00880028 ) 


00000000 


T Outputs 

0 










fbeq_a 


14 fbgez.a 

0 









fbgz_a 

0 










14 fblez_a 

0 










fblz_a 

0 










14 fbne_a 

0 










firqp.a 

0 










fjump.a 

0 










fmemread.a 

0 










fmemtoreg.a 

0 










fmemwrite.a 

0 










fregwrite.a 

0 









14 seq_a 

0 










14 sgez.a 

0 










^ sgz_a 

0 


14 slez.a 

0 









— 

14 slz_a 

0 










sne_a 

0 










^ m wb_reg_addr_a[4:0 

0 

( 11 y 





( 2 ) 


0 


^ 1 ^ wr_mem_data_a[31 

00000000 

( oooofffo ) 


0000 

)000 


( oooofffo ) 

i 

00000000 


► ^ fjump_addr_a[31:0; 

00000000 

( 002C0010 ; 

^ 00000028 ) 


00000000 


( 00880028 ) 


00000000 


^ ^ alu_result_api:0] 

00000000 

( 00000004 ; 


0000 

)000 


( OOOOfffa ) 

'( 

00000000 


► ^ br_addr_out_a[31:( 

00000000 

( 0000006c ) 

^ 00000088 ) 

: 00000064 ) 

; 00000068 ; 

J 0000006c ) 

( 00000064 ) 

( 00000090 : 

: 00000094 ) 

( 000 


203 


































































































































































Name I 

Value 


64ns 1 

66 ns 1 

68 ns 1 

70 ns 1 

72 ns 1 

74 ns 1 

76 ns 1 

78 ns 1 

80 ns 

▼ ^ EX Stage 
▼ Inputs 

alusrc a 

0 










14 beq_a 

0 










bgez a 

0 










bgz_a 

0 










H blez_a 

0 










blz_a 

0 









bne a 

0 










irqp a 

0 










H jump_a 

0 










memread a 

0 










memtoreg a 

0 










memwrite_a 

0 










regdst_a 

0 










regwrite_a 

0 










^ ^ aluop_a|3:0] 

0 

7 ) 

t; 0 ; 


7 


[ 0 ) 


7 


^ ^ shamt_a[4:0] 

0 





0 





^ ^ wb_reg_addrl_a[4: 

0 





0 





wb_reg_addr2_a[4: 

0 





0 





^ ^ addr_in_api:0] 

00000000 

; 00000098 ) 

; 00000068 ; 

OOOOOObc ) 

: OOOOOOeO ) 

[ 000000C4 ) 

: 000000e4 ) 

[ OOOOOOeO ) 

[ OOOOOOec ) 

; 00 c 

^ ^ reg_opl_api:0] 

00000000 

00000000 ) 

; ffffffff ;) 


00000000 


: ffffooos ) 


00000000 


^ ^ reg_op2_api:0] 

00000000 





00000000 





^ ^ imm_op2_api:0] 

00000000 

00000000 ) 

; 0000000a ) 


00000000 


: 0000000a ) 


00000000 


^ ^ jump addr aPl:01 

00000000 

00000000 ) 

; 08800028 ) 


00000000 


[ 02800028 ) 


00000000 


W Outputs 

fbeq_a 

0 










H fbgez.a 

0 










fbgz_a 

0 










fblez.a 

0 










H fblz_a 

0 









H fbne_a 

0 










IQl firqp.a 

0 










H fjump_a 

0 










fmemread_a 

0 










fmemtoreg_a 

0 










H fmemwrite_a 

0 










l|l fregwrite_a 

0 










seq_a 

0 










sgez_a 

0 










"Lfc sgz_a 

0 










slez.a 

0 










siz.a 

0 



H sne_a 

0 










^ m wb_reg_addr_a[4:0 

0 





0 





► wr_mem_data_api 

00000000 





00000000 





► ^ fjump_addr_api:0; 

00000000 

00000000 ) 

08800028 ) 


00000000 


; 02800028 ) 


00000000 


^ ^ alu_result_api:0] 

00000000 

00000000 ) 

t ffffffff X 

00000000 


: ffffooos ) 


00000000 


► *li br_addr_out_api;C 

00000000 

00000098 ) 

j; OOOOOOeO )|; OOOOOObc ) 

i OOOOOOeO ) 

; 000000C4 ) 

; 0000010c ) 

( OOOOOOeO 

( OOOOOOec ) 

; 00 c 


Name | 

1 Value 


80rns 1 

82ris , , 

84 ns 1 

86 ns 1 

88 ns 1 

90 ns 1 

92ris , 

94 ns 1 

96r|s 

▼ ^ EX Stage 
▼ ]ll' Inputs 

alusrc.a 

0 










beq_a 

0 










bgez_a 

0 










bgz_a 

0 









blez a 

0 










biz a 

0 










bne_a 

0 










1 || irqp a 

0 










jump a 

0 










memread a 

0 










memtoreg_a 

0 










H memwrite_a 

0 










regdst_a 

0 










regwrlte_a 

0 










ijj aluop_ap:0] 

0 

7 ) 

J 0 ) 


7 


[ 0 ) 


7 


^ ^ shamt_a[4:0] 

0 





0 





^ wb_reg_addrl_a[4: 

0 

0 ) 

:: 1 ) 




0 




^ wb_reg_addr2_a[4: 

0 





0 





^ i|j addr_in_api:0] 

00000000 

OOOOOOfO : 

;; 00000110 ) 

00000114 

00000118 ) 

; 0000011c ) 

; 0000013c J 

^ 00000140 ) 

[ 00000144 ) 

; 00c 

► *IS reg_opl_api:0] 

00000000 

00000000 

oooofffa 

00000000 


; oooofffa J 


00000000 


► ^ reg_op2_api:0] 

00000000 

00000000 ) 

0000000a X 



00000000 




^ imm.op2.api:0] 

00000000 

00000000 ; 

0000000a 

00000000 


: 0000000a J 


00000000 


^ ijj Jump_addr_api:0] 

00000000 


00000000 ; 

; 01040028 

00000000 


; 02000028 J 


00000000 



204 








































































































































































' 0 . S 


T Outputs 

fbeq_a 

0 










fbgez.a 

0 










fbgz a 

0 









fblez.a 

0 










fblz_a 

0 










fbne a 

0 










H firqp.a 

0 










fjump a 

0 










l|l fmemread a 

0 










H fmemtoreg_a 

0 










H fmemwrite_a 

0 










H fregwrite_a 

0 










"Lfc seq_a 

0 





- ! 





H sgez_a 

0 










sgz.a 

0 










slez_a 

0 









— 

14 slz_a 

0 










1ft sne.a 

0 










^ ^ wb_reg_addr_a[4:0 

0 

0 ) 

f - ^ J 




0 




^ ^ wr_mem_data_aI31 

00000000 

00000000 

; 0000000a ) 




00000000 




^ ^ fjump_addr.api:0; 

00000000 

00000000 

01040028 I 

00000000 


02000028 


00000000 


^ i|j alu_result_aI31:0] 

00000000 

00000000 

00010004 i; 

00000000 

x OOOOfFfe ; 


00000000 


► ^ br_addr_out_a[31:( 

00000000 

oooooofo ; 

00000138 ^ 

00000114 ;| 

00000118 

0000011c ) 

00000164 ;| 

00000140 ) 

00000144 

; 00c 


Name I 

1 Value 


96 ns 1 

98 ns 1 

100 ns 1 

102 ns 1 

104 ns 1 

106 ns 1 

108 ns 1 

110 ns 1 

112 ns 

▼ EX stage 

▼ Inputs 

0 










1ft alusrc a 



1ft beq_a 

0 










1ft bgez a 

0 










1ft bgz a 

0 










1ft blez a 

0 










1ft blz_a 

0 










1ft bne a 

0 










1ft irqp.a 

0 










1ft jump_a 

0 










1ft memread_a 

0 










1ft memtoreg a 

0 










1ft memwrite_a 

0 










1ft regdst_a 

0 










1ft regwrite_a 

0 










^ ^ aluop_a[3:0] 

0 

7 ) 




7 


; 0 ) 



^ ^ shamt_a[4:0] 

0 

0 ) 

3 








^ ^ wb_reg_addrl_a[4: 

0 





0 





wb_reg_addr2_a[4: 

0 

0 ; 

; 21 ; 

10 ) 







^ ^ addr_in_api:0] 

00000000 

00000148 

00000168 

; 0000016c ) 

; 00000170 ) 

^ 00000174 ) 

: 00000178 ) 

; 0000017c ) 

' 00000180 

; 00c 

► ^ reg_opl_api:0] 

00000000 


0000c 

000 


[ 00000055 ) 

[ 0000 

)ooo ; 

^ 00000055 

; 00c 

^ ^ reg_op2_api:0] 

00000000 


0000c 

000 


^ 00000055 ) 

; 0000 

)000 

: 00000055 ;; 

; 00c 

^ ^ imm_op2_api:0] 

00000000 

00000000 i 

0000afc4 ;) 

; 000057e4 ) 



OOOOl 

)000 



^ ^ jump addr aPl:01 

00000000 

00000000 ; 

; 0002bfl0 ) 

; 00015f90 ) 



OOOOl 

)000 



▼ Outputs 

1ft fbeq_a 

0 










1ft fbgez_a 

0 










1ft fbgz.a 

0 










1ft fblez_a 

0 










1ft fblz_a 

0 










1ft fbne_a 

0 










1ft firqp_a 

0 










1ft fjump_a 

0 










1ft fmemread_a 

0 










1ft fmemtoreg_a 

0 










1ft fmemwrite_a 

0 










1ft fregwrite_a 

0 










1ft seq_a 

0 










1ft sgez_a 

0 





1 





1ft sgz.a 

0 










1ft slez_a 

0 









— 

1ft slz_a 

0 










1ft sne_a 

0 


1 ^ 1 







^ ^ wb_reg_addr_a[4:0 

0 





0 





► ^ wr_mem_data_api 

00000000 


OOOOG 

000 


; 00000055 ) 

; 0000 

)000 ) 

00000055 ) 

; 00c 

► ^ fjump_addr_api:0; 

00000000 

00000000 ooo2bfio x oooisfoo ) 



OOOOl 

)000 



^ ^ alu_result_api:0] 

00000000 

00000000 i 0000afc4 i; 000057e4 ) 

00000000 

00000055 ) 

; 0000 

5000 ) 

00000055 ) 

; 00c 

► ^ br_addr_out_api:C 

00000000 

( 00000148 0002c078 OOOlOOfc ) 

00000170 

00000174 I 00000178 ) 

; 0000017c ) 

; 00000180 ) 

; 00c 


205 
















































































































































































Name I 

Value 


112 ns 1 

114 ns 1 

116 ns 1 

118 ns 1 

120 ns 1 

122 ns 1 

124 ns 1 

126 ns 1 

128 ns 

▼ Tl EX Stage 
▼ Inputs 

0 










alusrc a 



14 beq_a 

0 










bgez a 

0 










l|l bgz a 

0 










blez.a 

0 










biz a 

0 










bne a 

0 










irqp.a 

0 










Jump a 

0 










memread a 

0 










memtoreg a 

0 










memwrite_a 

0 










regdst.a 

0 










H regwrite_a 

0 










^ ^ aluop_a|3:0] 

0 

7 






; 2 ) 

' 3 ) 


^ ^ shamt_a[4:0] 

0 


0 


; 31 ) 



0 



^ ^ wb_reg_addil_a[4: 

0 

0 


[ 1 ) 

: 2 ) 




2 


^ wb_reg_addr2_a[4: 

0 


0 


; 31 ) 



: 3 j 

t ^ ) 


addr_in_a[31:0] 

00000000 

( 00000184 ; 

: 00000188 ) 

; 00000004 ) 

: 00000008 ) 

[ 0000000c ) 

[ 00000010 ) 

' 00000014 3 

J 00000018 ) 

; 00c 

^ ^ reg_opl_a[31:0] 

00000000 

( 0000 

)000 ) 

; 00000055 ) 


00000000 



0000005f 


► reg_op2_api:0] 

00000000 

( 0000 

booo ) 

; 00010004 

; oooofffe ) 

^ 0000 

JOOO ) 


OOOOfffO 


^ imm_op2_api:0] 

00000000 

0000c 

000 ) 

; 0000000a 

: OOOOfffO 3 

[ 0000 

1000 ) 

: 00001824 ) 

^ 00002025 ) 

; 00c 

^ B||( jump addr aPliOl 

00000000 

0000c 

000 ) 

; 00040028 ) 

; ooobffco ) 

[ 0000 

DOOO ) 

: 00886090 ) 

[ 00888094 ) 

; ooE 

T Outputs 

IJl fbeq_a 

0 










fbgez.a 

0 










l|l fbgz_a 

0 










H fblez_a 

0 










fblz_a 

0 










14 fbne_a 

0 










H firqp.a 

0 










fjump_a 

0 










14 fmemread_a 

0 










H fmemtoreg_a 

0 










fmemwrite_a 

0 










H fregwrite_a 

0 










seq_a 

0 










sgez_a 

0 










l|i sgz.a 

0 





14 slez.a 

0 










14 slz_a 

0 










IQl sne_a 

0 










^ i|j wb_reg_addr_a[4:0 

0 

0 


; 1 y 

: 2 ; 



: 3 ; 

k 4 ) 

; 

► ^ wr_mem_data_api 

00000000 

: 0000 

)000 ) 

[ 00010004 ) 

: OOOOfffa J 

: 0000 

DOOO ) 


OOOOfffO 


^ ^ fjump_addr_api:0; 

00000000 

0000c 

000 ) 

; 00040028 ) 

; OOObffcO ) 

^ 0000 

WOO ) 

: 00886090 ) 

^ 00888094 ) 

; 0Q£ 

^ ^ alu_result_api:0] 

00000000 

0000 

)000 ) 

; 0000005f ) 

; OOOOfffO ) 

J 0000 

WOO ) 

: 00000050 3 

^ OOOOffff ) 

- fff 

^ ^ br_addr_out_api:C 

00000000 

00000184 ) 

f 00000188 ) 

[ 0000002c ) 

' 0003ffc8 ) 

f 0000000c ) 

[ 00000010 ) 

: 000060a4 J 

^ 000080ac ) 

; 00c 


1 Name I 

1 Value 1 

128 ns 1 

IM ns , , 

132 ns 1 

134 ns 1 

136 ns 1 

i:w ns , 

140 ns 1 

142 ns 1 

144 ns 

▼ EX Stage 

▼ ^l' Inputs 

0 










alusrc a 


l|l beq_a 

0 










bgez.a 

0 










bgz a 

0 










blez a 

0 










blz_a 

0 










bne a 

0 










irqp a 

0 










jump_a 

0 










memread a 

0 










l|l memtoreg a 

0 










memwrite_a 

0 










regdst.a 

0 










regwrite_a 

0 










^ ^ aluop_aP:0] 

0 

( 5 ) 

4 ) 

[ 0 ) 

! 7 1 

[ 9 ) 

' 6 3 

! 8 ) 

: 0 ) 


1^ shamt_a[4:0] 

0 

1 

0 


2 j 

J 4 ) 





^ ^ wb_reg_addrl_a[4: 

0 

2 




; 8 ) 

; 7 j 

; 8 ) 



1^ ^ wb_reg_addr2_a[4: 

0 

: 5 ; 

:! 6 ; 

; 0 ; 

r 8 i 

; 7 ) 

; 8 ;; 

; 7 ) 

; 9 ) 


^ addr_in_api:0] 

00000000 

[; 000000 ic ) 

00000020 ;i 

; 00000024 ; 

; 00000028 ;i 

( 0000002c ) 

;; 00000030 ;i 

; 00000034 X 00000038 ) 

; 00c 


00000000 

0000c 

05f 



00000000 


i 0000 

W5f 

^ fgg opl d^llO] 


► ^ reg_op2_api:0] 

0000 

ffO 


00000000 


00000006 ;i 

; 00000000 000c 

fffO 

00000000 

00000000 

00000000 

^ ^ imm_op2_api:0] 

[; 00002827 ) 

00003026 

; 00000006 ; 

( 00004080 ) 

; 00003902 ) 

J 00004004 ; 

; 00003806 i 00004820 ) 

; 00c 

^ jump_addr_api:0] 

[; 0088a09c 

0088c098 

; 001C0018 

i; 001d0200 ;) 

; 0020e408 ) 

: ooldoolo ;i 

; 0020e018 i 00892080 J 

; 00s 


206 














































































































































2 jP. 


▼ ^ Outputs 


fbeq_a 

0 

fbgez.a 

0 

H fbgz_a 

0 

fblez_a 

0 

H fblz_a 

0 

H fbne_a 

0 

H firqp.a 

0 

fjump_a 

0 

fmemread_a 

0 

T|^ fmemtoreg_a 

0 

fmemwrite_a 

0 

fregwrite_a 

0 

seq_a 

0 

sgez_a 

0 

sgz_a 

0 

slez.a 

0 

slz_a 

0 

l|l sne_a 

0 

^ wb_reg_addr_a[4:0 

0 

^ wr_meni_data_a[31 

00000000 

^ ^ fjump_addr_a[31:0^ 

00000000 

^ ^ alu_result_a[31:0] 

00000000 

► br_addr_out_a[31:( 

00000000 


Name 

Value 

▼ ll' EX stage 


T ^ Inputs 


alusrc_a 

0 

beq_a 

0 

bgez.a 

0 

bgz_a 

0 

blez_a 

0 

blz_a 

0 

IJi bne_a 

0 

^ irqp_a 

0 

Jump_a 

0 

14 memread_a 

0 

memtoreg_a 

0 

Hiy memwrite_a 

0 

H regdst.a 

0 

regwrite.a 

0 

^ ^ aluop_ap:0] 

0 

^ shamt_a[4:0] 

0 

^ wb_reg_addrl_a[4: 

0 

^ wb_reg_addr2_a[4: 

0 

^ ^ addr_in_a[31:0] 

00000000 

^ ^ reg_opl_a|31:0] 

00000000 

► ^ reg_op2_api:0] 

00000000 

^ ^ imm_op2_api:0] 

00000000 

^ jump_addr_api:0] 

00000000 

▼ Outputs 


fbeq_a 

0 

fbgez_a 

0 

H fbgz_a 

0 

H fblez.a 

0 

fbiz.a 

0 

fbne_a 

0 

H firqp.a 

0 

fjurrip_a 

0 

fmemread.a 

0 

fmemtoreg_a 

0 

fmemwrite_a 

0 

H fregwrite_a 

0 

T|l seq_a 

0 

H sgez_a 

0 

T|l sgz_a 

0 

slez.a 

0 

1| slz_a 

0 

H sne_a 

0 

^ ^ wb_reg_addr_a[4:0 

0 

► *0 wr_mem_data_api 

00000000 

► ^ fjump_addr_api:0; 

00000000 

^ ^ alu_result_api:0] 

00000000 

► *ii br_addr_out_api:( 

00000000 


































































































































































5 .; 

; 6 ; 

( 7 

; 8 ; 

[ 7 ) 

: 8 

; 7 ) 

; 9 ; 


0000 

ffo ;: 

00000000 


; 00000006 ) 

; 00000000 x 000c 

fffO 

[; 0088a09c 1 

0088C098 i; OOlcOOlS ) 

[ 001d0200 ) 

: 0020e408 ] 

[ OOldOOlO : 

; 0020e018 X 00892080 

008 

[; ffffoooo ; 

OOOOffef 'k 00000006 ) 


0000 

)000 


; oooioo4f 

fff 

[; 0000a0b8 

0000c0b8 OOOOOOSc ) 

[ 00010228 ) 

J 00006434 ) 

; 00010040 

0000e04c ) 

; 000120b8 

; 00c 


144 ns 1 

146 ns 1 

148 ns 1 

150 ns 1 

152 ns 1 

154 ns 1 

156 ns 1 

158 ns 1 

160 ns 










































































































































; 1 ) 

; 2 ) 

[ 3 ) 


1 

) 




0 ) 

[ 31 ) 




0 




2 ) 

: 11 ) 

: 12 

; 10 ) 

^ 9 ) 

: 15 ) 

; 16 : 

; 17 ) 


: 10 ) 

[ 31 ) 

: 0 ) 

: 13 ) 

: 14 ) 





J 0000003c ) 

[ 00000040 ) 

: 00000044 ) 

[ 00000048 ) 

^ 0000004c ) 

[ 00000050 ) 

f 00000054 ) 

[ 00000058 ) 

: 00 c 

OOOOOOSf ) 

[ OOOC 

fffO ) 

: 0001004f ) 

f ffff006f ) 

: 0001004f ) 

^ ffffD06f : 

; 00001 

)000 


OOOOfffO 


! ffff006f ) 

: 0001004f ) 

; 0000 

)ooo : 

[ ffffffff ) 

: 001 

: 00005022 ) 

: OOOOfFff ) 

: 00000000 ) 

: 0000682a ) 

^ 0000702a ) 

: 0000 

)004 ) 

[ 00000000 ) 

: 00 c 

i 00894088 ) 

: 012ffffc ) 

[ 01300000 5 

; 04a9a0a8 ) 

[ 0525c0a8 ) 

: 04bc0010 ) 

^ 05400010 ) 

: 00440000 ) 

[ 002 































































































































































: 10 : 

( 11 ; 

: 12 : 

( 13 : 

: 14 ; 

[ 15 ; 

[ 16 ) 

: 17 



OOOOfffO 


( fffR)06f ) 

: oooioo4f : 

: 0000 

)000 ) 

: ffffffff 

; 001 

: 00894088 : 

( 012ffffc : 

: 01300000 ) 

( 04a9a0a8 ] 

: 0525c0a8 ] 

: 04bc0010 : 

[ 05400010 : 

; 00440000 

; 002 

: ffffoo6f ; 

( OOOOfffO 

( OOOOfffO ) 

; 00000001 ) 


00000000 


[ 00000000 

[ 00 c 

: 000140C4 : 

( 0004003c X 00000044 ; 

( OOOlaOfO X 0001c0f4 J 

; 00000060 ] 

; 00000064 : 

; 00000058 ) 

; 00 c 


207 
































































































































































Name | 

1 Value 1 

▼ EX Stage 


▼ }ll' Inputs 


alusrc_a 

0 

beq_a 

0 

lj| bgez_a 

0 

bgz_a 

0 

blez_a 

0 

blz_a 

0 

H bne_a 

0 

irqp.a 

0 

Jump_a 

0 

memread.a 

0 

H memtoreg_a 

0 

memwrite_a 

0 

regdst_a 

0 

H regwrite_a 

0 

^ ^ aluop_a[3:0] 

0 

^ IIS shamt_a[4:0] 

0 

^ ly wb_reg_addrl_a[4: 

0 

^ ^ wb_reg_addr2_a[4: 

0 

^ ijj addr_in_a[31:0] 

00000000 

► reg_opl_a[31:0] 

00000000 

► ^ reg_op2_a[31:0] 

00000000 

^ imin.op2_a|31:0] 

00000000 

^ ^ Jump_addr_a[31:0] 

00000000 

▼ Outputs 


H fbeq_a 

0 

fbgez_a 

0 

fbgz_a 

0 

H fblez.a 

0 

fblz_a 

0 

H fbne.a 

0 

firqp.a 

0 

fjump_a 

0 

H fmemread_a 

0 

H fmemtoreg_a 

0 

fmemwrite_a 

0 

fregwrite_a 

0 

seq_a 

0 

sgez_a 

0 

sgz_a 

0 

14 slez.a 

0 

slz_a 

0 

H sne_a 

0 

^ ^ wb_reg_addr_a[4:0 

0 

^ ijj wr_mem_data_a[31 

00000000 

► ^ fjump_addr_a[31:0; 

00000000 

^ ^ alu_result_api: 0 ] 

00000000 

► ^ br_addr_out_api:( 

00000000 


Name | 

1 Value 1 

▼ ^ EX Stage 


▼ Inputs 


alusrc.a 

0 

beq_a 

0 

bgez.a 

0 

bgz_a 

0 

blez_a 

0 

blz_a 

0 

bne_a 

0 

l|l irqp.a 

0 

jump.a 

0 

memread.a 

0 

memtoreg.a 

0 

H memwrite.a 

0 

regdst.a 

0 

regwrite.a 

0 

ijj aluop_ap: 0 ] 

0 

^ ^ shamt_a[4:0] 

0 

wb_reg_addrl_a[4: 

0 

^ ^ wb_reg_addr2_a[4: 

0 

^ i|j addr_in_api: 0 ] 

00000000 

► reg_opl_api: 0 ] 

00000000 

► ^ reg_op 2 _api: 0 ] 

00000000 

^ ^ imm_op 2 .api: 0 ] 

00000000 

^ Jump.addr.apirO] 

00000000 


160 ns 1 

162 ns 1 

164 ns 1 

166 ns 1 

168 ns 1 

170 ns 1 

172 ns 1 

174 ns 1 

176 ns 





























































































































0 



7 


: 0 : 


7 






0 





: 11 





[ 2 ) 


0 






0 





: 0000005c ; 

00000060 ) 

; 00000064 ) 

; 00000068 ; 

[ 0000006c ) 

; 0000008c ) 

: 00000090 ; 

[ 00000094 ) 

: OOC 



00000000 



: oooooosf : 


00000000 


: OOOOfFfO ) 


0000 

)000 


[ OOOOfffO ) 


00000000 


: 00000004 : 

0000000 a ) 


00000000 


[ OOOOOOOa ) 


00000000 


[ 002c0010 

00000028 ) 


00000000 


; 00880028 ; 


00000000 



























































































































































: 11 i 





; 2 ) 


0 


[ OOOOfffO : 


0000 

)000 


; OOOOfffO : 


00000000 


: 002C0010 i 

t 00000028 ) 


00000000 


; 00880028 ) 


00000000 


; 00000004 ; 


0000 

woo 


; oooioo4f ) 


00000000 


: 0000006c ; 

^ 00000088 ) 

; 00000064 ) 

: 00000068 ; 

J 0000006c ) 

; 00000064 ) 

; 00000090 ; 

^ 00000094 ) 

; OOC 

l^ ns , , 

178 ns 1 

180 ns 1 

182 ns 1 

184 ns 1 

186 ns 1 

188 ns 1 

190 ns 1 

192 ns 






























































































































7 ; 

; 0 


7 


: 0 ) 


7 






0 









0 









0 





00000098 

: 000000 b8 

oooooobc 

: ooooooco ; 

000000C4 

' 00000064 ) 

J 00000068 : 

[ 0000006C ) 

; OOC 

00000000 

ffffffff ) 

; 

00000000 


ffffOOOO ) 


00000000 






00000000 





00000000 ; 

; OOOOOOOa ) 


00000000 


OOOOOOOa ; 


00000000 


00000000 ; 

; 08800028 X 

00000000 

X 02800028 ; 


00000000 



208 



































































































































































' 0 . S 


T Outputs 

fbeq_a 

0 










fbqez a 

0 










H fbgz_a 

0 










fblez.a 

0 










fblz_a 

0 










fbne a 

0 










H firqp.a 

0 










fjump a 

0 










l|l fmemread a 

0 










H fmemtoreg_a 

0 










H fmemwrite_a 

0 










H fregwrite_a 

0 










"Lfc seq_a 

0 










H sgez_a 

0 










sgz.a 

0 










slez_a 

0 










14 slz_a 

0 










1ft sne.a 

0 










^ ^ wb_reg_addr_a[4:0 

0 





0 





^ ^ wr_mem_data_aI31 

00000000 





00000000 





^ ^ fjump_addr.api:0; 

00000000 

00000000 

08800028 ) 


00000000 


02800028 


00000000 


^ i|j alu_result_aI31:0] 

00000000 

00000000 

1 ’ crrrccrr ’•i-’ - 1 

mttnt 

00000000 

x ffffoooo : 


00000000 


► ^ br_addr_out_a[31:( 

00000000 

00000098 

OOOOOOeO ) 

oooooobc ;| 

; OOOOOOeO ; 

000000C4 ) 

0000010c ;| 

OOOOOOeS ) 

OOOOOOec 

; 00c 


Name I 

1 Value 


192 ns 1 

194 ns 1 

196 ns 1 

198 ns 1 

200 ns 1 

202 ns 1 

204 ns 1 

206 ns 1 

208 ns 

▼ EX stage 

▼ Inputs 

1ft alusrc a 

0 










1ft beq_a 

0 










1ft bgez_a 

0 










1ft bgz a 

0 









1ft blez a 

0 










1ft blz_a 

0 










1ft bne a 

0 










1ft irqp a 

0 










1ft jump_a 

0 










1ft memread a 

0 










1ft memtoreg a 

0 










1ft memwrite_a 

0 










1ft regdst_a 

0 










1ft regwrite_a 

0 










^ ^ aluop_a[3:0] 

0 

7 ) 

V 0 i 


7 


; 0 ) 


7 


^ ^ shamt_a[4:0] 

0 





0 





^ ^ wb_reg_addrl_a[4: 

0 

0 ) 

h 1 ) 




0 




wb_reg_addr2_a[4: 

0 





0 





^ ^ addr_in_api: 0 ] 

00000000 

OOOOOOfO j 

j: 00000110 ] 

[ 00000114 ) 

; 00000118 ) 

f 0000011 c ) 

[ 0000013c ) 

; 00000140 ; 

' 00000144 

; 00c 

► ^ reg_opl_api: 0 ] 

00000000 

00000000 ) 

[ 0001004f ) 


00000000 


: ooooffff ) 


00000000 


^ ^ reg_op 2 _api: 0 ] 

00000000 

00000000 ) 

( OOOOOOSf ) 




00000000 




^ ^ imm_op 2 _api: 0 ] 

00000000 

00000000 ; 

[ 0000000 a ) 


00000000 


; 0000000 a ) 


00000000 


^ ^ jump addr aPl:01 

00000000 

00000000 ) 

^ 01040028 ) 


00000000 


; 02000028 ) 


00000000 


T Outputs 

1ft fbeq_a 

0 










1ft fbgez.a 

0 










1ft fbgz_a 

0 









1ft fblez.a 

0 










1ft fblz_a 

0 










1ft fbne_a 

0 










1ft firqp.a 

0 










1ft fjump_a 

0 










1ft fmemread_a 

0 










1ft fmemtoreg_a 

0 










1ft fmemwrite_a 

0 










1ft fregwrite.a 

0 










1ft seq_a 

0 










1ft sgez_a 

0 










1ft SQZ.a 

0 










1ft slez.a 

0 










1ft siz.a 

0 










1ft sne_a 

0 










P’ ^ wb_reg_addr_a[4:0 

0 

0 i 

( 1 y 




0 




P ^ wr_mem_data_api 

00000000 

00000000 ) 

; OOOOOOSf ; 




00000000 




► fjump_addr_api: 0 ; 

00000000 

00000000 i 

1 : 01040028 3 


00000000 


: 02000028 ) 

> 

00000000 


p ^ alu_result_api: 0 ] 

00000000 

00000000 ) 

r OOOlOOae X 

00000000 


; ooooffff ) 


00000000 


► ^ br_addr_out_api:( 

00000000 

; OOOOOOfO ) 

[; 00000138 i 00000114 ) 

; 00000118 ) 

; 0000011 c 

; 00000164 

00000140 ;! 

00000144 ) 

; 00c 


209 















































































































































































Name I 

Value 


208 ns 1 

210 ns 1 

212 ns 1 

214 ns 1 

216 ns 1 

218 ns 1 

220 ns 1 

222 ns 1 

224 ns 

▼ }ll EX Stage 
▼ }ll' Inputs 

0 










alusrc_a 



beq_a 

0 










lj| bgez a 

0 










bgz_a 

0 










1 {^ blez a 

0 










biz a 

0 










bne a 

0 










irqp.a 

0 










Jump_a 

0 










memread.a 

0 










H memtoreg_a 

0 










memwrite_a 

0 










regdst_a 

0 










H regwrite_a 

0 










^ ^ aluop_a[3:0] 

0 

7 ) 




7 


[ 0 3 



^ IIS shamt_a[4:0] 

0 

0 ^ 

r 3 

1 3 







^ ly wb_reg_addrl_a[4: 

0 





0 





^ ^ wb_reg_addr2_a[4: 

0 

0 ) 

: 21 3 

( 10 3 







^ ijj addr_in_a[31:0] 

00000000 

: 00000148 ; 

[ 00000168 3 

( 0000016c 3 

: 00000170 3 

[ 00000174 3 

; 00000178 3 

; 0000017c 3 

^ 00000180 3 

; 00 c 

► reg_opl_a[31:0] 

00000000 


ooooc 

000 


J 00000055 3 

[ 0000 

)ooo 3 

J 00000055 3 

; 00 c 

► ^ reg_op2_a[31:0] 

00000000 


0000 c 

000 


3 00000055 3 

: 0000 

woo 3 

[ 00000055 3 

; 00 c 

^ ^ imm.op2_a|31:0] 

00000000 

00000000 ) 

^ 0000afc4 3 

( 00005764 3 



0000 

woo 



^ i|| jump addr a31:01 

00000000 

00000000 ){ 

[ 0002 bfl 0 3 

( 00015f90 3 



0000 

woo 



▼ 1ft Outputs 

H fbeq_a 

0 










fbgez_a 

0 










fbgz_a 

0 










H fblez.a 

0 










fblz_a 

0 










fbne_a 

0 










H firqp.a 

0 










1 |^ fjump_a 

0 










l|l fmemread_a 

0 










fmemtoreg_a 

0 










H fmemwrite_a 

0 










fregwrite_a 

0 










14 seq_a 

0 










14 sgez_a 

0 










14 sgz_a 

0 



14 slez.a 

0 









— 

14 siz.a 

0 










14 sne_a 

0 










^ ^ wb_reg_addr_a[4:0 

0 





0 





► ^ wr_mem_data_a[31 

00000000 


OOOOC 

000 

) 

J 00000055 3 

; 0000 

)ooo 3 

; 00000055 ) 

; 00 c 

► fjump_addr_a[31:0; 

00000000 

00000000 ) 

; 0002 bfl 0 3 

J 00015f90 3 



0000 

woo 



^ ^ alu_result_a[31:0] 

00000000 

00000000 ) 

[ 0000afc4 3 

: 000057e4 3 

[ 00000000 ) 

: 00000055 3 

[ 0000 

woo 3 

; 00000055 ) 

: 00 c 

> iU br_addr_out_a[31:C 

00000000 

^ 00000148 ) 

; 0002C078 3 

^ 000160fc 3 

: 00000170 ) 

[ 00000174 3 

; 00000178 3 

J 0000017c 3 

; 00000180 ) 

^ 00 c 


1 Name I 

1 Value 1 

T 4 EX Stage 


▼ )ft' Inputs 


14 alusrc_a 

0 

14 beq_a 

0 

14 bgez_a 

0 

14 bgz_a 

0 

14 blez.a 

0 

14 blz_a 

0 

14 bne_a 

0 

14 irqp.a 

0 

14 jump.a 

0 

14 memread_a 

0 

14 memtoreg.a 

0 

14 memwrite.a 

0 

14 regdst_a 

0 

14 regwrite.a 

0 

^ ^ aluop_a[3:0] 

0 

^ shamt_a[4:0] 

0 

^ wb_reg_addil_a[4: 

0 

^ ^ wb_reg_addr2_a[4: 

0 

^ iH addr.in.a[31;0] 

00000000 

► ^ reg.opl.apirO] 

00000000 

► ^ reg_op 2 _api: 0 ] 

00000000 

^ imm_op 2 _api: 0 ] 

00000000 

^ ijj Jump_addr_api: 0 ] 

00000000 


224 ns 1 

226 ns 1 

228 ns 1 

230 ns 1 

232 ns 1 

234 ns 1 

236 ns 1 

238 ns 1 

240 ns 










































































































































7 






3 2 3 

3 3 3 



0 


3 31 3 



0 



0 


; 1 ) 

; 2 3 




2 



0 


3 31 3 



3 3 ) 

3 4 3 


00000184 3 

00000188 

; 00000004 3 

3 00000008 3 

3 oooooooc 3 

3 00000010 3 

3 00000014 3 

3 00000018 3 

3 OOC 

[; 0000 

DOOO 3 

; 00000055 3 


00000000 



OOOOOOSf 


[; 0000 

DOOO 3 

; OOOlOOae 3 

3 oooioo4f 3 

3 0000 

)ooo 3 


OOOOfffO 


ooooc 

000 

; 0000000 a 3 

3 oooofffo 3 

3 0000 

)ooo 3 

3 00001824 3 

: 00002025 3 

3 OOC 

ooooc 

000 

; 00040028 3 

OOObffcO 3 

3 0000 

5000 3 

3 00886090 3 

: 00888094 3 

3 00 s 


210 



































































































































































2 jp; 


T ]ll' Outputs 

H fbeq_a 

0 










fbqez a 

0 










fbqz a 

0 










fblez.a 

0 










14 fblz_a 

0 










fbne a 

0 










1|^ firqp.a 

0 










nil fjump_a 

0 










fmemread a 

0 










IQl fmemtoreg a 

0 










fmemwrite_a 

0 










fregwrite_a 

0 










seq_a 

0 

r 









sgez_a 

0 










H sgz.a 

0 










l|l slez_a 

0 

1- 









H slz_a 

0 










l|l sne_a 

0 










^ ^ wb_reg_addr_a[4:0 

0 

0 


; 1 j 

( 2 ) 



( 3 ) 

' 4 ) 


► wr_meni_data_a[31 

00000000 

i; 0000 

)000 ) 

OOOlOOae ) 

( 0001004f ; 

0000 

booo 

OOOOfffO 


► fjump_addr_a[31:0; 

00000000 

0000c 

000 

; 00040028 ) 

; OOObffcO I 

■; 0000 

DOOO ) 

; 00886090 

00888094 ;; 

; QOS 

^ ^ alu_result_a[31:0] 

00000000 

!; 0000 

)ooo ; 

000000 5f ) 

OOOOfffO 

0000 

DOOO ) 

00000050 

OOOOffff 

; fff 

► br_addr_out_a[31:C 

00000000 

1 ; 00000184 ) 

; 00000188 ) 

; 0000002c ) 

( 0003ffc8 ) 

; 0000000c ; 

; 00000010 ) 

000060a4 J 

000080ac ; 

: 00c 


Name I 

1 Value 


240 ns 1 

242 ns 1 

244 ns 1 

246 ns 1 

248 ns 1 

250 ns 1 

252 ns 1 

254 ns 1 

256 ns 

T ?li EX Stage 
▼ Inputs 

alusrc_a 

0 










beq_a 

0 










bgez a 

0 










bgz_a 

0 










blez a 

0 










biz a 

0 










Hi bne_a 

0 










Ijl irqp a 

0 










jump a 

0 










memread a 

0 










memtoreg_a 

0 










H memwrite_a 

0 










regdst_a 

0 










regwrite_a 

0 










^ aluop_a[3:0] 

0 

[ 5 ) 


: 0 ) 

[ 7 3 

[ 9 3 

' 6 3 

' 8 3 

[ 0 3 

_ 

^ ^ shamt_a[4:0] 

0 


0 


' 2 3 

; 4 3 





^ wb_reg_addrl_a[4: 

0 

2 




; 8 3 

; 7 3 

' 8 3 



^ wb_reg_addr2_a[4: 

0 

; 5 ) 

: 6 ) 

: 0 3 

[ 8 3 

[ 7 3 

; 8 3 

' 7 3 

: 9 3 

; 

^ ^ addr_in_aI31:0] 

00000000 

; 000000 ic i 

1: 00000020 ) 

: 00000024 3 

[ 00000028 3 

; 0000002c 3 

: 00000030 3 

J 00000034 3 

[ 00000038 3 

; Qoc 

► reg_opl_api:0] 

00000000 

00000 

05f ) 



00000000 



[ 0000 

105f 

► reg_op2_api:0] 

00000000 

0000 

ffO ) 


00000000 


: 00000006 3 

C 00000000 3 

J 000c 

fffO 

^ ^ imm_op2_api:0] 

00000000 

; 00002827 ) 

: 00003026 ) 

^ 00000006 3 

J 00004080 3 

; 00003902 3 

: 00004004 3 

J 00003806 3 

^ 00004820 3 

; 00c 

^ jump addr aPl:01 

00000000 

0088a09c ) 

( 0088C098 ) 

J 001C0018 3 

^ 001d0200 3 

; 00206408 3 

: OOldOOlO 3 

^ 0020e018 3 

; 00892080 3 

; QOS 

▼ ^j' Outputs 
fbeq_a 

0 










fbgez_a 

0 










H fbgz_a 

0 










fblez_a 

0 










fblz_a 

0 










H fbne_a 

0 










H firqp_a 

0 










IQl fjump_a 

0 










H fmemread_a 

0 










Ijjl fmemtoreg_a 

0 










H fmemwrite_a 

0 










fregwrite_a 

0 










Til seq_a 

0 










sgez_a 

0 










1^1 sgz_a 

0 





14 slez.a 

0 










siz.a 

0 










H sne_a 

0 










^ ^ wb_reg_addr_a[4:0 

0 

; 5 ) 

K 6 ) 

' 7 3 

' 8 3 

; 7 3 

; 8 3 

' 7 3 

' 9 3 


^ ^ wr_mem_data_api 

00000000 

0000 

ffO ^ 


00000000 


[ 00000006 3 

3 00000000 3 

: 000c 

fffO 

► *0 tJump_addr_api:0; 

00000000 

[ 0088a09c j 

[ 0088C098 J 

: 001 C 0018 3 

J 001d0200 3 

; 0020e408 3 

: OOldOOlO 3 

J 0020e018 3 

^ 00892080 3 

; QOS 

^ alu_result_api:0] 

00000000 

; ffffOOOO i 

; OOOOffaf ) 

( 00000006 3 


0000 

)000 


^ 0001004f 3 

; fff 

► ^ br_addr_out_api:C 

00000000 

; OOOOaObS ) 

' OOOOcObS ) 

: 0000003c 3 

J 00010228 3 

; 0000e434 3j 

[ 00010040 3 

3 0000e04c 3 

: 00012068 3 

; 00c 
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1 Name | 

1 Value 1 

▼ ^ EX Stage 
▼ 4 Inputs 


alusrc_a 

0 

H beq_a 

0 

bgez.a 

0 

l|l bgz_a 

0 

H blez_a 

0 

1 ft biz.a 

0 

1 ft bne_a 

0 

1ft irqp_a 

0 

1ft Jump_a 

0 

1 ft memread_a 

0 

1 ft memtoreg_a 

0 

1 ft memwrite_a 

0 

1 ft regdst_a 

0 

1 ft regwrite_a 

0 

^ aluop_a[3:0] 

0 

^ i|[f shamt_a[4:0] 

0 

^ ^ wb_reg_addrl_a[4: 

0 

^ Hj wb_reg_addr2_a[4: 

0 

^ ijj addr_in_a[31:0] 

00000000 

► ^ reg_opl_a[31:0] 

00000000 

1 ^ ^ reg_op2_api:0] 

00000000 

^ imm_op2_a[31:0] 

00000000 

^ ^ jump_addr_a[31:0] 

00000000 

T Outputs 


1 ft fbeq_a 

0 

1 ft fbgez_a 

0 

1 ft fbgz_a 

0 

1 ft fblez_a 

0 

1 ft fblz_a 

0 

1 ft fbne.a 

0 

1 ft firqp_a 

0 

1 ft fjump_a 

0 

1 ft fmemread.a 

0 

1 ft fmemtoreg_a 

0 

1 ft fmemwrite_a 

0 

1 ft fregwrite_a 

0 

1 ft seq_a 

0 

1 ft sgez_a 

0 

1 ft sgz.a 

0 

1 ft slez.a 

0 

1 ft slz_a 

0 

1 ft sne_a 

0 

^ wb_reg_addr_a[4:0 

0 

^ wr_mem_data_a[31 

00000000 

► ^ fjump_addr_a[31:0; 

00000000 

^ alu_result_api:0] 

00000000 

^ ijj br_addr_out_api:( 

00000000 


Name | 

1 Value 1 

T ^ EX stage 


▼ ]l| Inputs 


1ft alusrc_a 

0 

1 ft beq_a 

0 

1 ft bgez_a 

0 

1 ft bgz_a 

0 

1 ft blez_a 

0 

1ft blz_a 

0 

1ft bne_a 

0 

1 ft ifqp.a 

0 

1ft Jump_a 

0 

1 ft memread.a 

0 

1 ft memtoreg_a 

0 

1ft memwrite_a 

0 

1 ft regdst_a 

0 

1 ft regwrite_a 

0 

^ ^ aluop_ap:0] 

0 

^ ^ shamt_a[4:0] 

0 

^ ^ wb_reg_addrl_a[4: 

0 

^ ^ wb_reg_addr2_a[4: 

0 

^ ijj addr_in_api:0] 

00000000 

► ^ reg_opl_api:0] 

00000000 

^ ^ reg_op2_api;0] 

00000000 

^ ^ imm_op2_api:0] 

00000000 

^ m jump_addr_api:0] 

00000000 


256 ns 1 

258 ns 1 

260 ns 1 

262 ns 1 

264 ns 1 

266 ns 1 

268 ns 1 

270 ns 1 

272 ns 









































































































































[ 1 

: 2 i 

: 3 : 


1 

) 




0 

31 




0 




2 

; 11 y 

: 12 : 

: 10 ) 

: 9 ) 

: 15 j 

[ 16 ) 

[ 17 ) 


' 10 

' 31 i 

; 0 : 

' 13 ) 

; 14 ) 





[ 0000003c 

00000040 

( 00000044 : 

: 00000048 ) 

: 0000004c ) 

[ 00000050 J 

J 00000054 ) 

[ 00000058 : 

; ooc 

OOOOOOSf 

: 000( 

fffO i 

: 0001004f ) 

: fffroo6f ) 

[ 0001004f ) 

: fffroo6f : 

[ 0000 

)000 


OOOOfffO 


f ffffD06f ) 

: 0001004f ) 

; 0000 

)000 ) 

: ffffffff ) 

^ 001 

: 00005022 

: OOOOffff ) 

; 00000000 : 

: 0000682a ] 

: 0000702a ) 

; 0000 

)004 ) 

; 00000000 ) 

^ ooc 

: 00894088 

: 012flTfc 5 

[ 01300000 ) 

: 04a9a0a8 ] 

: 0525c0a8 ) 

: 04bc0010 ) 

05400010 : 

: 00440000 : 

: 002 































































































































































i 10 ) 

[ 11 y 

' 12 ) 

; 13 

^ 14 ) 

; 15 ) 

J 16 ) 

: 17 ) 



OOOOfffi) 


: ffffoo6f ) 

: 0001004f ) 

: 0000 

)ooo ; 

: ffffffff ) 

[ OOl 

^ 00894088 ) 

; 012ffffc ) 

^ 01300000 ) 

[ 04a9a0a8 ) 

[ 0525c0a8 ) 

; 04bc0010 ) 

J 05400010 ) 

: 00440000 ) 

[ 002 

i ffFfuoef ) 

; OOOOfffO ) 

J OOOOfffO ) 

; 00000001 ) 


00000000 


; 00000000 ) 

^ ooc 

i 000140C4 ) 

[ 0004003c ) 

: 00000044 ) 

[ OOOlaOfO ) 

: 0001c0f4 ) 

[ 00000060 ) 

: 00000064 ) 

: 00000058 ) 

[ ooc 

272 ns 1 

274 ns 1 

276 ns 1 

278 ns 1 

280 ns 1 

282 ns 1 

284 ns 1 

286 ns 1 

288 ns 




























































































































0 



7 


; 0 ; 


7 






0 





11 ) 





; 2 ) 


0 






0 





0000005c ; 

; 00000060 

( 00000064 ; 

J 00000068 J 

; 0000006c : 

; 0000008c : 

: 00000090 ) 

: 00000094 ) 

: OOC 



00000000 



; oooooo5f ) 


00000000 


oooofffo ; 


0000 

)000 


; OOOOfffO ; 


00000000 


[; 00000004 ) 

; 0000000a ) 


00000000 


OOOOOOOa 5 


00000000 


[; 002C0010 ; 

; 00000028 

00000000 

I 00880028 ) 


00000000 
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▼ ^ Outputs 
fbeq_a 

0 










fbgez a 

0 









H fbgz_a 

0 










14 fblez_a 

0 










l|l fblz_a 

0 










fbne_a 

0 










firqp_a 

0 










fjump_a 

0 










IQl fmemread a 

0 










H fmemtoreg_a 

0 










fmemwrite_a 

0 










fregwrite_a 

0 









seq_a 

0 










111 sgez_a 
sgz.a 

0 

0 










14 slez.a 

0 










H slz_a 

0 










sne.a 

0 










^ ^ wb_reg_addr_a[4;0 

0 

i; 11 ) 





[ 2 ) 


0 


► ^ wr_mem_data_a[31 

00000000 

t; oooofffD ) 


0000 

DOOO 


; oooofffo ) 


00000000 


^ ^ fjump_addr.a[31:0; 

00000000 

1 ; 002C0010 ) 

00000028 


00000000 


; 00880028 


00000000 


^ i||g alu_result_a[31;0] 

00000000 

00000004 ) 


0000 

pooo 


; 0001004f X 

00000000 


► br_addr_out_a[31:( 

00000000 

0000006c ) 

^ 00000088 ) 

; 00000064 ) 

; 00000068 

0000006c ) 

; 00000064 00000090 ) 

^ 00000094 ) 

; oQc 

Name 11 Value 

288ns 1 

290 ns 1 

292 ns 1 

294 ns 1 

296 ns 1 

298 ns 1 

300 ns 1 

302 ns 1 

304 ns 

▼ ll' EX Stage 

T ^ Inputs 

alusrc a 

0 










14 beq_a 

0 










bgez a 

0 










l|l bgz_a 

0 










l|l blez_a 

0 










biz a 

0 









H bne_a 

0 










1 || irqp a 

0 










jump a 

0 










H memread_a 

0 










memtoreg a 

0 










memwrite_a 

0 










14 regdst.a 

0 










regwrite_a 

0 










^ aluop_ap: 0 ] 

0 

7 ) 

' 0 ) 


7 

) 

[ 0 ; 


7 


^ shamt_a[4:0] 

0 





0 





^ ^ wb_reg_addrl_a[4: 

0 





0 





^ ^ wb_reg_addr2_a[4: 

0 





0 





^ addr_in_api: 0 ] 

00000000 

; 00000098 ) 

J 00000068 ) 

; OOOOOObc ) 

^ OOOOOOeO ) 

: 000000C4 ) 

; 00000064 ; 

J OOOOOOeO ) 

; OOOOOOec ) 

^ OQC 

► ■%! reg_opl_api: 0 ] 

00000000 

00000000 ) 

[ ffffffff ) 


00000000 

) 

: ffffoooo ) 


00000000 


^ ^ reg_op 2 _api: 0 ] 

00000000 





00000000 





^ imm_op 2 _api: 0 ] 

00000000 

00000000 ) 

J 0000000 a ) 


00000000 

) 

; oooooooa ; 


00000000 


^ ^ jump addr aPl:01 

00000000 

00000000 ) 

^ 08800028 ) 


00000000 

) 

: 02800028 3 


00000000 


▼ ]li’ Outputs 
fbeq_a 

0 










fbgez a 

0 










fbgz_a 

0 










fblez.a 

0 










fbiz a 

0 









fbne a 

0 










H firqp.a 

0 










fjump a 

0 










fmemread a 

0 










fmemtoreg_a 

0 










fmemwrite_a 

0 










H fregwrtte_a 

0 










14 seq_a 

0 










H sgez_a 

0 










sgz_a 

0 










14 slez.a 

0 










H siz.a 

0 










m sne_a 

0 










^ ^ wb_reg_addr_a[4:0 

0 





0 





^ ^ wr_mem_data_api 

00000000 





00000000 





► ^ fjump_addr_api:0; 

00000000 

00000000 ) 

; 08800028 ) 


00000000 


; 02800028 J 


00000000 


^ alu_result_api:0] 

00000000 

00000000 i 

ffffffff J 


00000000 


; ffffoooo 5 


00000000 


► *18 br_addr_out_api:C 

00000000 

[ 00000098 j 

OOOOOOeO ^ 

: OOOOOObc ) 

^ OOOOOOeO 5 

; 000000C4 ) 

[ 0000010c J 

[ OOOOOOeO ) 

: OOOOOOec ) 

; OQC 
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Name I 

1 Value 


304ns 1 

306 ns 1 

308 ns 1 

310 ns 1 

312ns 1 

314 ns 1 

316 ns 1 

318 ns 1 

320 ns 

▼ % EX Stage 
▼ ]ll' Inputs 

alusrc a 

0 










beq_a 

0 










bgez_a 

0 










1|| bgz a 

0 









blez a 

0 










blz_a 

0 










l|l bne a 

0 










IQl irqp a 

0 










H jump_a 

0 










memread a 

0 










memtoreg a 

0 










memwrite_a 

0 










regd5t_a 

0 










regwrite_a 

0 










^ ^ aluop_a[3:0] 

0 

7 ) 

:: 0 ) 


7 


; 0 3 


7 


^ Ilf shamt_a[4:01 

0 





0 





^ ^ wb_reg_addrl_a[4: 

0 

0 ) 

1 ) 




0 




^ ^ wb_reg_addr2_a[4: 

0 





0 





^ addr_in_a[31:0] 

00000000 

; oooooofo ) 

00000110 ) 

; 00000114 ) 

; 00000118 ) 

[ 0000011c 3 

; 0000013c 3 

; 0000afb8 3 

; OOOOalbc 3 

; ooc 

► ^ reg_opl_api:0] 

00000000 

00000000 ) 

oooioo4f .) 


00000000 


: ooooffff 3 


00000000 


► ^ reg_op2_api:0] 

00000000 

00000000 ) 

; 000000 5f ) 




00000000 




^ ^ imm.op2_api:0] 

00000000 

00000000 ) 

: 0000000a ) 


00000000 

) 

; 0000000a 3 


00000000 


^ ^ jump addr aPl:01 

00000000 

00000000 ,) 

t 01040028 ) 


00000000 


[ 02000028 3 


00000000 


T Outputs 

l|l fbeq_a 

0 










fbgez.a 

0 










fbgz_a 

0 









fblez.a 

0 










fblz_a 

0 










fbne.a 

0 










H firqp_a 

0 










fjump_a 

0 










l|l fmemread.a 

0 










Iji fmemtoreg_a 

0 










l|l fmemwrite_a 

0 










H fregwrite_a 

0 











0 










H sgez_a 

0 










sgz.a 

0 



slez_a 

0 









— 

"Lft slz_a 

0 










sne_a 

0 










^ ^ wb_reg_addr_a[4:0 

0 

0 j 

( 1 ) 




0 




► wr_mem_data_api 

00000000 

00000000 :i 

[ OOOOOOSf ) 




00000000 




^ ^ fjump_addr_api:0; 

00000000 

00000000 5 

J 01040028 ) 


00000000 


: 02000028 3 


00000000 


Ill alu_result.aI31:0] 

00000000 

00000000 ) 

[ OOOlOOae ) 


00000000 


: ooooffff 3 


00000000 


► br_addr_out_api:( 

00000000 

; oooooofo ) 

( 00000138 ) 

: 00000114 3 

[ 00000118 3 

: 0000011c 3 

: 00000164 3 

^ 0000alb8 3 

J OOOOalbc 3 

; ooc 


Name I 

1 Value 1 

320 ns 1 

322ns 1 

324 ns 1 

326 ns 1 

328 ns 1 

330 ns 1 

332 ns 1 

334 ns 1 

▼ )ii EX stage 
▼ 4 Inputs 

0 









alusrc.a 



beq_a 

0 









bgez a 

0 









ljl bgz a 

0 









blez a 

0 









blz_a 

0 









14 bne_a 

0 









irqp a 

0 









Jump_a 

0 









memread.a 

0 









memtoreg.a 

0 









memwrite_a 

0 









T|l regdst.a 

0 









regwrite_a 

0 









^ ^ aluop_ap:0] 

0 


7 


; c 



7 


^ shamt_a[4:0] 

0 


0 


; 3 



0 


^ ^ wb_reg_addrl_a[- 

0 


0 



; 18 ) 


0 


^ ^ wb_reg_addr2_a[' 

0 


0 


; 21 31 

; 10 ) 


0 


^ iilJ addrjn_api:0] 

00000000 

OOOOafcO 3 

0000afc4 3 

; OOOOafcS 3 

; 00000168 ) 

; 0000016c ) 

; 00000170 3 

: 00000174 3 

[ 00000178 3 

► ^ reg_opl_api:0] 

00000000 



0000c 

000 



; 0000 

1055 3 

► ^ reg_op2_api:0] 

00000000 



0000c 

000 



; 0000 

)055 3 

^ iU imm_op2.api:0] 

00000000 


00000000 


0000afc4 ) 

; 000057e4 ) 


00000000 


^ Jump_addr_api:0 

00000000 


00000000 


ooo2bfio ) 

; 00495f90 ) 


00000000 
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▼ ^i' Outputs 
fbeq_a 

0 

fbgez_a 

0 

fbgz_a 

0 

fblez.a 

0 

H fbiz.a 

0 

fbne_a 

0 

firqp.a 

0 

fjump.a 

0 

fmemread_a 

0 

fmemtoreg.a 

0 

fmemwrite_a 

0 

fregwrite.a 

0 

14 seq_a 

0 

sgez_a 

0 

sgz_a 

0 

slez.a 

0 

14 slz_a 

0 

sne_a 

0 

^ ^ wb_reg_addr_a[4: 

0 

^ ^ wr_mem_data_a[3 

00000000 

► ^ fjump_addr_a[31:i 

00000000 

► ^ alu_result_api:0] 

00000000 

► ^ br_addr_out_api 

00000000 
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I. EX/MEM REGISTER 


Name | 

Value 

0 ns 1 

. 

r.^. 

6 ns 1 

8 ns 1 

10 ns 1 

12 ns 1 

14ns 1 

16 ns 

▼ )li EX/MEM Register 

0 










elk 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

memread a 

0 










memwrite a 

0 










memtoreg_a 

0 










regwrite a 

0 










beq a 

0 










H bne_a 

0 










biz a 

0 










bgz a 

0 










14 blez_a 

0 










bgez a 

0 










Jump_a 

0 










seq_a 

0 










sne a 

0 









— 

l^i siz.a 

0 










sgz_a 

0 









— 

Hi slez.a 

0 










sgez a 

0 










IH irqp.a 

0 










^ br_addr_a|31:0] 

00000000 

[ 0000 

)000 J 

J 0000002c ) 

: 0003ffc8 ) 

[ 0000000c ) 

; 00000010 ) 

J 000060a4 ) 

^ 000080ac ) 

; 00 c 

^ ^ jump_addr_a[31:0] 

00000000 

; 0000 

)000 ) 

: 00040028 ) 

[ OOObffcO ) 

; 0000 

)000 ) 

^ 00886090 ) 

( 00888094 ) 

; 00 s 

^ ^ alu_result_aI31:0] 

00000000 

i 0000 

pooo J 

: 0000000a ) 

J OOOOfffO ) 


00000000 


^ OOOOfffe ) 

; fff 

^ ^ wr_data_a[31:0] 

00000000 



0000 

)000 




OOOOfffO 


^ ^ wb req addr a[4:0 

0 



[ 1 / 

[ 2 ) 



' 3 ) 

^ 4 ) 

; 

▼ ^j" Outputs 

fmemread_a 

0 










H fmemwrite_a 

0 










fmemtoreg_a 

0 










H fregwrite_a 

0 










Hi fbeq_a 

0 










fbne_a 

0 










'H fbiz.a 

0 










H fbgz_a 

0 










fblez.a 

0 










IH fbgez.a 

0 










H fjump_a 

0 










Hi fseq_a 

0 










"H fsne_a 

0 









— 

H Islz_a 

0 










Isgz_a 

0 










'H fslez.a 

0 








H fsgez_a 

0 









— 

tirqp.a 

0 










^ i|| fbr_addr_a[31:0] 

00000000 


00000000 


^ 0000002c ) 

; 0003ffc8 ) 

; 0000000c 3 

J 00000010 ) 

; 000060a4 ) 

[ 00 c 

► ^ fjump_addr_a[31:0; 

00000000 


00000000 


^ 00040028 ) 

; OOObffcO ) 

; 0000 

MOO ) 

: 00886090 ) 

; 006 

^ falu_result_a[31:0] 

00000000 


00000000 


: 0000000a ) 

: OOOOfffO ) 


00000000 


; 001 

^ ^ fwr_data_a|31:0] 

00000000 

^ 



00000000 




: OOOC 

fffO 

^ fwb_reg_addr_a[4:i 

0 

1 i ° = 


' 1 y 

: 2 ) 



: 3 ) 
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Name I 

Value 1 

16 ns 1 

18 ns 1 

20 ns 1 

22ns 1 

24 ns 1 

26 ns 1 

28 ns 1 

30 ns 1 

32 ns 

▼ T* EX/MEM Register 

0 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

memread_a 

0 










memwrite a 

0 










memtoreg_a 

0 










H regwrite_a 

0 










beq_a 

0 










l|l bne a 

0 










1|^ blz_a 

0 










l|l bgz_a 

0 










blez a 

0 










bgez a 

0 










jump_a 

0 










seq_a 

0 










sne a 

0 









— 

siz.a 

0 










sgz_a 

0 










slez_a 

0 










H sgez_a 

0 










H irqp.a 

0 










^ br_addr_a^l:0] 

00000000 

; OOOOaObS ) 

0000c0b8 ) 

; 0000003c ) 

; 00010228 ; 

^ 0000e434 ) 

; 00010040 ) 

; 0000e04c 3 

^ 000120b8 3 

; 00 c 

^ ^ Jump_addr_a[31:0] 

00000000 

; 0088a09c ) 

0088C098 ) 

[ 001C0018 ) 

: 001d0200 3 

^ 0020e408 ) 

[ OOldOOlO ) 

' 0020e018 3 

J 00892080 3 

; 008 

^ ^ alu_result_a[31:0] 

00000000 

: ffffooos ) 

: OOOOfffa ) 

[ 00000006 ) 


0000 

1000 


^ OOOOfffa 3 

; fff 

^ 1^ wr_data_a[31:0] 

00000000 

00001 

ffO ) 


00000000 


; 00000006 3 

: 00000000 3 

^ OOOC 

fffO 

^ ^ wb reg addr a[4:0 

0 

; 5 ) 

6 

F 7 ) 

: 8 ) 

^ 7 ) 

; 8 3 

' 7 3 

^ 9 3 

; 

W Outputs 

fmemread a 

0 










H fmemwrite_a 

0 










fmemtoreg_a 

0 










fregwrite_a 

0 










H fbeq_a 

0 










fbne a 

0 










fbiz a 

0 










fbgz a 

0 










fblez_a 

0 










fbgez a 

0 










fjump_a 

0 










14 fseq_a 

0 










fsne a 

0 









— 

14 fslz_a 

0 










H fsgz.a 

0 










14 fslez.a 

0 










fsgez_a 

0 










H firqp.a 

0 










^ fbr_addr_api: 0 ] 

00000000 

: OOOOSCac ) 

[ 0000 a 0 b 8 ) 

[ 0000 c 0 b 8 ) 

: 0000003c ) 

[ 00010228 ) 

; 0000e434 3 

: 00010040 3 

J 0000e04c 3 

; 00 c 

► ^ fjump_addr_a[31:0; 

00000000 

; 00888094 ) 

0088a09c ) 

; 0088C098 ) 

; 001 C 0018 ; 

^ 001d0200 ) 

; 00206408 3 

: OOldOOlO 3 

^ 0020e018 3 

; ooE 

^ falu_result_api:0] 

00000000 

: OOOOfffa ) 

[ ffffooos ) 

; OOOOfffa ) 

; 00000006 ) 


0000 

)000 


; 001 

► ^ fwr_data_api:0] 

00000000 


OOOOfffO 



00000000 


; 00000006 3 

[ 00000000 3 

: 001 

^ ^ fwb_reg_addr_a[4:i 

0 

: 4 ) 

^ 5 J 

; 6 ) 

; 7 ; 

' 8 ) 

; 7 3 

; 8 3 

' 7 3 

( 

Name 11 Value I 

|32ns 1 

34 ns 1 

36r« , 

38ris 1 

40 ns 1 

42 ns 1 

44 ns 1 

46 ns 1 

48 ns 

W EX/MEM Register 

0 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ ^ Inputs 

IQl memread a 

0 










Ij^ memwrite_a 

0 








111 memtoreg_a 

0 









regwrite_a 

0 









beq a 

0 










bne_a 

0 










biz a 

0 










bgz a 

0 










H blez_a 

0 










bgez a 

0 










1^ Jump_a 

0 










14 seq_a 

0 










sne_a 

0 









1|| slz_a 

0 










sgz.a 

0 










14 slez.a 

0 










sgez a 

0 










irqp.a 

0 










► ^ br_addr_api:0] 

00000000 

000140C4 ) 

; 0004003c ) 

; 00000044 ) 

; OOOlaOfO ) 

; oooicof4 ) 

; 00000060 3 

J 00000064 3 

^ 00000058 ) 

; 00 c 

^ ^ jump_addr_api:0] 

00000000 

[; 00894088 ) 

[; oi2ffffc 01300000 ) 

; 04a9a0a8 ] 

; 0525c0a8 ) 

: 04bc0010 3 

J 05400010 3 

( 00440000 ) 

; 002 

^ ^ alu_result_api:0] 

00000000 

ffffOOla ) 

; OOOOfffO ) 

; OOOOfffO ) 

[ 00000001 J 


00000000 


: 00000000 3 

; 00c 

^ wr_data_api:0] 

00000000 

OOOOfffO ) 

0000 

1000 ) 

ffffOOla 

; OOOOfffa ) 


00000000 

) 

; 001 

^ wb req addr a[4:0 

0 

10 ) 

; 11 ) 

! 12 ) 

; 13 ) 

f H 15 ) 

; 16 3 

^ 17 ) 

; 
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▼ Outputs 


fmemread_a 

0 

H fmemwrite_a 

0 

H fmemtoreg_a 

0 

H fregwrtte_a 

0 

fbeq_a 

0 

fbne_a 

0 

H fblz_a 

0 

fbgz_a 

0 

fblez.a 

0 

fbgez.a 

0 

fjump_a 

0 

fseq_a 

0 

H fsne_a 

0 

fslz_a 

0 

fsgz.a 

0 

14 fslez.a 

0 

fsgez_a 

0 

1]^ firqp.a 

0 

^ ^ fbr_addr_a|31:0] 

00000000 

► ^ fjump_addr_a[31:0; 

00000000 

P- falu_result_a[31:0] 

00000000 

P fwr_data_a[31:0] 

00000000 

► fwb_reg_addr_a[4:i 

0 


Name 

Value 

T ^ EX/MEM Register 


elk 

0 

▼ ^i' Inputs 


memread_a 

0 

memwrite_a 

0 

H memtoreg_a 

0 

H regwrite_a 

0 

TQl beq_a 

0 

Iji bne_a 

0 

m blz_a 

0 

bgz_a 

0 

blez_a 

0 

H bgez_a 

0 

Jump_a 

0 

H seq_a 

0 

sne_a 

0 

slz_a 

0 

sgz_a 

0 

slez.a 

0 

sgez_a 

0 

irqp_a 

0 

p br_addr_a[31:0] 

00000000 

jump_addr_a[31:0] 

00000000 

P alu_result_a[31:0] 

00000000 

P ^ wr_data_a[31:0] 

00000000 

p ijj wb_reg_addr_a[4:0 

0 

▼ Outputs 


fmemread.a 

0 

fmemwrite_a 

0 

IJl fmemtoreg_a 

0 

H fregwrite_a 

0 

fbeq_a 

0 

l|l fbne_a 

0 

14 fbiz.a 

0 

fbgz_a 

0 

H fblez_a 

0 

fbgez.a 

0 

H fjump_a 

0 

l|l fseq_a 

0 

14 fsne_a 

0 

14 fslz_a 

0 

l|l fsgz_a 

0 

fslez.a 

0 

Ijl fsgez_a 

0 

IJl firqp_a 

0 

P 110 fbr_addr_a[31:0] 

00000000 

► ^ fjump_addr_a[31:0; 

00000000 

p ^ falu_result_a[31;0] 

00000000 

p ^ fwr_data_a[31:0] 

00000000 

p ^ fwb_reg_addr_a[4:i 

0 



























































































































































000120b8 ) 

000140C4 

0004003c 

00000044 

; OOOlaOfO j 

0001c0f4 

00000060 

( 00000064 ; 

: 00c 

[; 00892080 ; 

00894088 I 012ffffc j 

01300000 ; 

04a9a0a8 '% 0525c0a8 ) 

; 04bcooio X 05400010 ; 

00- 

|; OOOOfffa ; 

ffffOOla X 000( 

fffo 

00000001 i 

00001 

pooo 


[; ooo( 

fffO i; 0000 

)ooo ; 

ffffOOla i; OOOOfffe 


00000000 


[; 9 ; 

; 10 11 ; 

12 ; 

; 13 14 ; 

; 15 ) 

( 16 ; 



48ns 1 

50 ns 1 

52 ns 1 

54 ns 1 

56 ns 1 

58ns 1 

60 ns 1 

62 ns 1 

64 ns 










1 

1 

1 

1 

1 

1 

1 

1 

























































































































































[ 0000006c ) 

( 00000088 

00000064 ) 

[ 00000068 ) 

; 0000006c ) 

; 00000084 ) 

J 00000090 

; 00000094 

00 c 

[ 002C0010 : 

: 00000028 ) 


00000000 


[ 00880028 : 


00000000 


; 00000004 i 


0000 

)000 


; oooofffe ; 


00000000 


i OOOOfffO ) 


0000 

)000 


: OOOOfffO ) 


00000000 


; 11 ; 





[ 2 : 


0 



































































































































































[ 00000058 ; 

; 0000006c ; 

; 00000088 ; 

: 00000064 ) 

; 00000068 ) 

0000006c ; 

00000084 

( 00000090 ; 

; 00 c 

: 00440000 : 

: 002C0010 : 

: 00000028 ) 


00000000 


; 00880028 X 0000 

3000 

00000000 ; 

: 00000004 : 


0000 

3000 


; OOOOfffa X 0000 

3000 

00000000 ; 

: OOOOfffO : 


0000 

3000 


OOOOfffO i; 0000 

3000 

: 17 i 

1; 11 ; 





; 2 c 
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Name I 

Value 


64 ns 1 

66 ns 1 

68 ns ^ 

70ns 1 

72 ns 1 

74 ns 1 

76 ns 1 

78 ns 1 

80 ns 

▼ ll EX/MEM Register 

0 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ ]ll' Inputs 

H memread_a 

0 










memwrite a 

0 










H memtoreg_a 

0 










ljl regwrite_a 

0 










beq_a 

0 










H bne_a 

0 










biz a 

0 










bgz_a 

0 










1 |^ blez.a 

0 










1 || bgez a 

0 









Jump_a 

0 










14 seq_a 

0 










14 sne_a 

0 










siz a 

0 










14 sgz.a 

0 










14 slez.a 

0 










sgez a 

0 








irqp_a 

0 










^ br_addr_a[31:0] 

00000000 

; 00000098 ) 

; OOOOOOeO J 

; OOOOOObc ) 

; OOOOOOeO ) 

; 000000C4 ) 

; 00000 loc ) 

; 000000 e8 ) 

: OOOOOOee ) 

^ ooc 

^ ^ Jump_addr_a[31:0] 

00000000 

00000000 ) 

: 08800028 J 


00000000 


: 02800028 ) 


00000000 


^ alu_result_a[31:0] 

00000000 

00000000 ) 

: ffffffff ] 


00000000 


: ffffOOOS ) 


00000000 


^ i|^ wr_data_a[31:0] 

00000000 





00000000 





^ ^ wb_reg_addr_a[4:0 

0 





0 





▼ )ll’ Outputs 

H fmemread_a 

0 










fmemwrite_a 

0 










H fmemtoreg_a 

0 










H fregwrite_a 

0 










fbeq_a 

0 










14 fbne_a 

0 










l|l fblz_a 

0 










fbgz_a 

0 










fblez_a 

0 










fbgez_a 

0 










fjump_a 

0 










fseq_a 

0 










14 fsne_a 

0 










fsiz.a 

0 










fsgz_a 

0 










l|l fslez.a 

0 










H fsgez_a 

0 










IJl firqp_a 

0 










^ fbr_addr_a[31:0] 

00000000 

( 00000094 

00000098 ) 

( OOOOOOeO ) 

; OOOOOObc ) 

; OOOOOOeO ; 

; 000000C4 ) 

; 00000 loc ) 

^ OOOOOOeO ) 

; ooc 

► fjump_addr_a[31:0; 

00000000 

0000c 

000 ) 

( 08800028 ) 


00000000 


; 02800028 ) 

J OOOOi 

)000 

^ ^ falu_result_aI31:0] 

00000000 

0000c 

000 ) 

( ffffffff ) 


00000000 


[ ffffOOOS ) 

: OOOOI 

)000 

^ ^ fwr_data_a[31;0] 

00000000 





00000000 





► fwb_reg_addr_a[4:i 

0 





0 






Name | 

1 Value 1 

. 

82 ns 1 

84 ns 1 

86 ns 1 

88 ris 1 

90 1 

92ris , 

94 ns 1 

96ris 

▼ )1 EX/MEM Register 

0 

1 









elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ ^l' Inputs 

memread a 

0 










memwrite a 

0 










memtoreg_a 

0 










regwrite a 

0 










beq a 

0 










bne_a 

0 










blz_a 

0 










1|| bgz a 

0 










H blez_a 

0 










bgez a 

0 










Jump_a 

0 









H seq_a 

0 










1|| sne_a 

0 










slz_a 

0 










sgz_a 

0 










slez.a 

0 










sgez.a 

irqp.a 

0 

0 










^ 1^ br_addr_a[31:0] 

00000000 

oooooofo ) 

; 00000138 

^ 00000114 ) 

: 00000118 ) 

; oooooiic ) 

; 00000164 ) 

J 00000140 ) 

^ 00000144 ; 

; ooc 

^ Jump_addr_a[31:0] 

00000000 

00000000 ) 

: 01040028 ) 


00000000 


[ 02000028 ) 


00000000 


^ ^ alu_result_a[31:0] 

00000000 

00000000 ) 

: 00010004 


00000000 


; oooofffe ) 


00000000 


^ ijj wr.data.apirO] 

00000000 

00000000 ) 

; 0000000a ) 




00000000 




^ ^ wb_reg_addr_a[4:0 

0 

0 ) 

p — ^ — 1 - 1 



0 



_ 
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1 Name I 

1 Value 1 

96 ns 1 

98 ns 1 

100 ns ^ 

102 ns 1 

104 ns 1 

106 ns 1 

108 ns ^ 

110 ns 1 

112 ns 

▼ Til' EX/MEM Register 

0 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ )ll' Inputs 

0 










H memread_a 



memwrite_a 

0 










memtoreg_a 

0 










regwrite_a 

0 










beq_a 

0 










bne a 

0 










H blz_a 

0 










1 |^ bgz a 

0 










blez a 

0 










bgez_a 

0 










Jump.a 

0 










l|l seq_a 

0 










H sne_a 

0 










siz.a 

0 










sgz_a 

0 










l|l slez_a 

0 










sgez_a 

irqp.a 

0 

0 










^ br_addr_a|31:0] 

00000000 

[ 00000148 ) 

; ooo 2 co:^ ) 

: oooieofc 3 

[ 00000170 ) 

: 00000174 ) 

[ 00000178 3 

[ 0000017c ) 

00000180 

; 00 c 

^ 1^ Jump_addr_a[31:0] 

00000000 

00000000 ) 

' 0002 bfl 0 ) 

( 00015190 3 



OOOOl 

)000 



^ alu_result_a[31;0] 

00000000 

00000000 ) 

; 0000afc4 ) 

J 000057e4 

; 00000000 ) 

J 00000055 ) 

; 0000 

5000 ) 

; 00000055 

; 00c 

1^ ^ wr_data_a|31:0] 

00000000 


0000c 

000 


: 00000055 ) 

; 0000 

)000 ) 

; 00000055 

; 00 c 

^ ^ wb_reg_addr_a[4:0 

0 





0 





T Outputs 

0 










H fmemread_a 



H fmemwrite_a 

0 










H fmemtoreg_a 

0 










fregwrite_a 

0 










fbeq_a 

0 










H fbne.a 

0 










H fblz_a 

0 










fbgz_a 

0 










fblez.a 

0 










14 fbgez_a 

0 










l|l fjump_a 

0 










fsecLa 

0 










14 fsne_a 

0 










14 fsiz.a 

0 










fsgz_a 

0 









— 

fslez_a 

0 










H fsgez.a 

0 










H firqp.a 

0 










^ ^ fbr_addr_api: 0 ] 

00000000 

: 00000144 ) 

( 00000148 ) 

^ 0002C078 3 

[ oooieofc 3 

; 00000170 3 

; 00000174 3 

^ 00000178 3 

^ 0000017c 3 

[ 00c 

► fjump_addr_a[31:0; 

00000000 

0000c 

000 3 

J 0002 bfl 0 3 

J 00015f90 3 



00000000 



^ *18 falu_result_a[31:0] 

00000000 

0000c 

000 3 

J 0000aft:4 3 

: 000057e4 3 

[ 00000000 3 

: 00000055 3 

J 0000 

)000 3 

; 00c 

^ ^ fwr_data_a[31:0] 

00000000 



00000000 



: 00000055 3 

J 0000 

)ooo 3 

; 00c 

► ^ fwb_reg_addr_a[4:i 

0 





0 
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Name I 

Value 1 

112 ns 1 

114 ns 1 

116 ns 1 

118 ns ^ 

120 ns 1 

122 ns 1 

124 ns 1 

126 ns 1 

128 ns 

▼ ^ EX/MEM Register 

0 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ )ll' Inputs 

1 ]^ memread a 

0 










l|l memwrite_a 

0 










memtoreg_a 

0 










IJl regwrite_a 

0 










14 beq_a 

0 










bne a 

0 










biz a 

0 










bgz_a 

0 










H blez_a 

0 










bgez a 

0 










jump_a 

0 










14 secLa 

0 










sne a 

0 









— 

slz_a 

0 










sgz_a 

0 










slez.a 

0 










sgez_a 

irqp_a 

0 

0 










► ^ br_addr_a|31:0] 

00000000 

: 00000184 ) 

( 00000188 ) 

( 0000002 c 3 

( 0003ffc8 3 

( 0000000 c 3 

: 00000010 3 

( 00006034 3 

[ 000080ac 3 

; 00 c 

^ i||f jump_addr_a[31:0] 

00000000 

0000 c 

000 ; 

( 00040028 ; 

( OOObffcO 3 

( 0000 

)ooo 3 

( 00886090 3 

; 00888094 3 

; 00 s 

1^ ^ alu_result_a[31:0] 

00000000 

: 0000 

5000 J 

( 0000005f 3 

( OOOOfffO 3 

( 0000 

)ooo 3 

( 00000050 3 

; OOOOffff 3 

— m 

► *¥! wr_data_a[31:0] 

00000000 

; 0000 

5000 ) 

( 00010004 J 

( oooofffe 3 

( 0000 

5000 3 

( 

OOOOfffO 


^ ijj wb_reg_addr_a[4:0 

0 

0 


( 1 ) 

( 2 3 

i ( 


( 3 3 

[ 4 3 

;. 

▼ Outputs 

fmemread.a 

0 










11 ^ fmemwrite_a 

0 










fmemtoreg_a 

0 










H fregwrite_a 

0 










H fbeq_a 

0 










l|l fbne.a 

0 










14 fbiz.a 

0 










H fbgz_a 

0 










fblez_a 

0 










fbgez.a 

0 










fjump_a 

0 










14 fseq_a 

0 










H fsne_a 

0 









— 

H fsiz.a 

0 











0 









— 

ljl fslez.a 

0 










fsgez_a 

0 










firqp.a 

0 










^ ^ fbr_addr_a|31:0] 

00000000 

[ 00000180 ) 

[ 00000184 ) 

; 00000188 3 

; 0000002c ) 

J 0003ffc8 3 

; oooooooc 3 

: 00000010 3 

; 00006034 ) 

; 00 c 

► fjump_addr_a[31:0; 

00000000 


00000000 


; 00040028 ) 

[ OOObffcO 3 

; 0000 

)ooo 3 

; 00886090 ) 

; QOS 

^ ^ falu_result_a[31:0] 

00000000 

: 00000055 ) 

[ 0000 

)000 3 

[ 0000005f ) 

: OOOOfffO 3 

[ 0000 

)ooo 3 

: 00000050 ) 

[ 00 

► ^ fwr_data_a|31:0] 

00000000 

0 

' 00000055 ) 

; 0000 

)000 

; 00010004 ) 

[ oooofffe 3 

; 0000 

)ooo 3 

: 000 c 

fffp 

^ fwb_reg_addr_a[4:i 


0 


; 1 ) 

' 2 3 



; 3 ) 



Name I 

1 Value 1 

|128ns 1 

130 ns 1 

132 ns 1 

134 ns 1 

136 ns 1 

138 ns 1 

140 ns 1 

142 ns 1 

144 ns 

▼ EX/MEM Register 

0 

1 









elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ V Inputs 

H memread_a 

0 










memwrite a 

0 










memtoreg_a 

0 










regwrite_a 

0 










beq_a 

0 










bne a 

0 










H blz_a 

0 










l|l bgz a 

0 










blez a 

0 










bgez a 

0 










jump_a 

0 










seq_a 

0 










H sne_a 

0 









— 

14 slz_a 

0 










sgz_a 

0 










slez_a 

0 










H sgez_a 

0 










irqp.a 

0 










^ i|f br_addr_a|31:0] 

00000000 

0000a0b8 3 

; OOOOcObS ) 

0000003c 3 

; 00010228 3 

; 00006434 

: 00010040 3 

J 0000e04c 3 

[ 000120b8 3 

[ ooc 

^ ijj Jump_addr_a[31:0] 

00000000 

0088a09c 3 

; 0088C098 ) 

001C0018 3 

[ 001d0200 3 

; 00206408 ) 

OOldOOlO 3 

J 0020e018 3 

[ 00892080 3 

^ QOS 

^ alu_result_a[31:0] 

00000000 

ffffoooo 3 

; OOOOffaf t 00000006 3 


0000 

3000 


: 0001004f 3 

; fff 

^ ^ wr_data_a^l:0] 

00000000 

0000' 

ffo 3 : 

00000000 


; 00000006 3 

J 00000000 3 

^ OOOC 

fffO 

wb_reg_addr_a[4:0 

0 

; 5 ) 

; 6 7 3 

^ 8 

t: ^ ° 3 

J 7 3 

3 9 3 
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T Outputs 

fmemread.a 

0 

H fmemwrite_a 

0 

fmemtoreg_a 

0 

H fregwrite_a 

0 

H fbeq_a 

0 

H fbne_a 

0 

14 fbiz.a 

0 

H fbgz_a 

0 

fblez.a 

0 

fbgez_a 

0 

fjump_a 

0 

14 fseq_a 

0 

H fsne_a 

0 

14 fsiz.a 

0 

H fsgz_a 

0 

H fslez.a 

0 

fsgez_a 

0 

firqp_a 

0 

^ fbr_addr_api:0] 

00000000 

^ ^ fjump_addr_api:0; 

00000000 

^ "19 falu_result_aI31:0] 

00000000 

► ■W fwr_data_api:0] 

00000000 

^ ^ fwb_reg_addr_a[4:i 

0 


% EX/MEM Register 

elk 0 

▼ ]li' Inputs 

memread_a 0 

memwrite_a 0 

H memtoreg_a 0 

H regwrite_a 0 

beq_a 0 

bne_a 0 

blz_a 0 

bgz_a 0 

1^ blez_a 0 

bgez.a 0 

Jump_a 0 

seq_a 0 

H sne_a 0 

14 slz.a 0 

1{^ sgz_a 0 

slez_a 0 

H sgez_a 0 

irqp_a 0 

i|f br_addr_a[31:0] 00000000 

^ ^ jump_addr_api:0] 00000000 

^ ^ alu_result_a[31:0] 00000000 

^ wr_data_a[31:0] 00000000 

^ Ijj wb_reg_addr_a[4:0 0 

T ]ll’ Outputs 

H fmemread a 0 

fmemwrite_a I 0 

H fmemtoreg_a 0 

H fregwrite_a 0 

fbeq_a 0 

fbne_a 0 

H fblz_a 0 

fbgz_a 0 

fblez_a 0 

fbgez a 0 

fjump_a I 0 

fseq_a 0 

H fsne_a 0 

fslz_a 0 

ljl fsgz_a 0 

fslez.a 0 

fsgez_a 0 

firqp.a 0 

^ fbr_addr_a[31:0] 

^ ^ fjump_addr.a[31:0; 

^ i\| falu_result_a[31:0] 

► "W fwr_data_a[31:0] 

^ ^ fwb_reg_addr_a[4:t 



















































































































































OOOOSOac ; 

0000a0b8 J 

( 0000c0b8 

: 0000003c 

; 00010228 ) 

( 0000e434 ; 

; 00010040 

; 0000e04c ) 

ooc 

00888094 

0088a09c | 0088c098 

001C0018 

001d0200 ) 

0020e408 

OOldOOlO 

0020e018 

008 

OOOOffff 

ffffOOOO i; OOOOffaf 

: 00000006 ; 


0000 

3000 


: OOC 


OOOOfffD 1 ) 


00000000 


^ 00000006 ) 

; 00000000 ) 

; 001 

4 

: 5 X 6 : 

^ 7 ) 

r 8 -r 7 : 

: 8 ] 

: 7 ) 


144 ns 1 

146 ns 1 

148 ns 1 

150 ns 1 

152 ns 1 

154 ns 1 

156 ns 1 

158 ns 1 

160 ns 










1 

1 

1 

1 

1 

1 

1 

1 










= 






















































































































































; 000140C4 ) 

( 0004003c 

00000044 ) 

[ OOOlaOfO ) 

; oooicof4 ) 

; 00000060 ) 

J 00000064 ) 

^ 00000058 ) 

; ooc 

; 00894088 ; 

: 012ffffc ) 

: 01300000 ) 

: 04a9a0a8 ) 

[ 0525c0a8 ) 

[ 04bc0010 : 

: 05400010 ) 

00440000 : 

: 002 

; ffffooef 

k OOOOfffO ) 

( OOOOfffO ) 

J 00000001 ) 


00000000 


^ 00000000 ; 

; ooc 


OOOOfffO 


[ ffffooef ) 

; 0001004f ) 

: 0000 

3000 ) 

^ ffffffff ) 

; 001 

[ 10 ; 

: 11 y 

: 12 ) 

: 13 ) 

; ] 

; 15 : 

: 16 ) 

: 17 ) 










— 

















— 









































































































































i 000120b8 } 

000140C4 ) 

0004003c ) 

; 00000044 ) 

[ OOOlaOfO ) 

: 0001c0f4 ) 

[ 00000060 ) 

: 00000064 ) 

^ ooc 

: 00892080 ) 

[ 00894088 ) 

: 012ffffc ) 

[ 01300000 ) 

^ 04a9a0a8 ) 

; 0525c0a8 ) 

[ 04bc0010 ) 

: 05400010 ) 

[ 00^ 

( 0001004f ) 

; ffffooef ) 

^ 000( 

fffO ) 

[ 00000001 ) 


0000 

)000 



oooc 

fffO 


ffffooef ) 

; oooioo4f ) 

; 0000 

3000 ) 

: ff 

: 9 ) 

; 10 ) 

: 11 ) 

: 12 :: 

; 13 ) 

; 14 ) 

: 15 ; 

: 16 ) 



222 












































































































































































Name I 

Value 


160 ns 1 

162 ns 1 

164 ns 1 

166 ns 1 

168 ns 1 

170 ns 1 

172 ns 1 

174 ns 1 

176 ns 

▼ Tl EX/MEM Register 

0 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

H memread.a 

0 










memwrite a 

0 










memtoreg_a 

0 









H regwrite_a 

0 










14 beq_a 

0 










bne a 

0 









biz a 

0 










bgz_a 

0 










blez a 

0 










bgez a 

0 










Jump_a 

0 










seq_a 

0 










sne a 

0 










H slz_a 

0 










14 sgz.a 

0 










l{jl slez_a 

0 










Ij^ sgez_a 

0 










H irqp.a 

0 











^ br_addr_a^l: 0 ] 

00000000 

; 0000006c 

00000088 ) 

00000064 ) 

[ 00000068 ) 

; 0000006c ) 

; 000000b4 ) 

J 00000090 ) 

[ 00000094 ) 

; 00c 

^ ^ Jump_addr_a[31:0] 

00000000 

002 C 0010 ; 

( 00000028 j 


00000000 


: 00880028 J 


00000000 


^ ^ alu_result_aI31:0] 

00000000 

; 00000004 ) 


0000 

DOOO 


; oooioo4f j 


00000000 


^ l|j wr_data_a[31:0] 

00000000 

; oooofffo ; 


0000 

)000 


: oooofffo ; 


00000000 


^ ^ wb_reg_addr_a[4:0 

0 

11 ; 





: 2 ; 


0 


W Outputs 

0 










H fmemread_a 


H fmemwrite_a 

0 









fmemtoreg_a 

0 









H fregwrtte_a 

0 










H fbeq_a 

0 










fbne_a 

0 










fblz_a 

0 










H fbgz_a 

0 










fblez_a 

0 










fbgez_a 

0 










H fjump_a 

0 










H fseq_a 

0 










H fsne_a 

0 










fsiz.a 

0 










H fsgz_a 

0 










IJl fslez.a 

0 










H fsgez.a 

0 










firqp_a 

0 











^ fbr_addr_a^l: 0 ] 

00000000 

; 00000058 ; 

t 0000006c ) 

; 00000088 ;i 

: 00000064 ) 

; 00000068 ) 

; 0000006c ) 

J 000000b4 ) 

^ 00000090 ; 

; 00c 

► fjump_addr_a[31:0; 

00000000 

; 00440000 ) 

; 002C0010 ) 

; 00000028 ) 


00000000 


J 00880028 ) 

^ OOOOl 

)000 

^ ^ falu_result_a[31:0] 

00000000 

00000000 ) 

: 00000004 ) 


0000 

DOOO 


[ 0001004f ) 

: OOOOl 

)000 

^ Btl fwr_data_a[31:0] 

00000000 

; ffffffff ) 

J oooofffo 


0000 

1000 


J oooofffo ) 

^ OOOOl 

)000 

► fwb_reg_addr_a[4:i 

0 

; 17 ) 

: 11 y 





' 2 ) 


_ 


Name I 

1 Value 1 

|176ns 1 

178 ns 1 

180 ns 1 

182 ns 1 

184 ns 1 

186 ns 1 

188 ns 1 

190 ns 1 

192 ns 

▼ 1||” EX/MEM Register 

0 

1 









elk 

I 

1 

1 

1 

1 

1 

1 

1 


▼ ]ll’ Inputs 

memread_a 

0 










memwrite a 

0 










memtoreg.a 

0 










regwrite a 

0 










l|l beq_a 

0 










bne.a 

0 










biz a 

0 










bgz_a 

0 










blez a 

0 










bgez a 

0 









H Jump_a 

0 










seq_a 

0 










H sne_a 

0 










H slz_a 

0 










H sgz_a 

0 










1|| slez_a 

0 










sgez_a 

0 










1|| irqp_a 

0 










Ilf br_addr.a[31:0] 

00000000 

00000098 ) 

: OOOOOOeO ) 

^ OOOOOObc ) 

: OOOOOOeO ') 

; 000000C4 ) 

: 00000loc ) 

^ 00000068 ) 

^ OOOOOOec ) 

; 00c 

^ ^ Jump_addr_a[31:0] 

00000000 

00000000 ) 

: 08800028 ) 


00000000 


[ 02800028 3 


00000000 


^ ^ alu_result_aI31:0] 

00000000 

00000000 ) 

: ffffffff 


00000000 


; ffffOOOO ) 


00000000 


^ wr_data_a[31:0] 

00000000 





00000000 





^ ^ wb_reg_addr_a[4:0 

0 





0 ^ 






223 




















































































































































































































T Outputs 

H fmemread_a 

0 











fmemwrite_a 

0 










H fmemtoreg_a 

0 










fregwrite_a 

0 










fbeq_a 

0 










H fbne_a 

0 










fblz_a 

0 










fbgz_a 

0 










fblez a 

0 










H fbgez_a 

0 










H fjump_a 

0 










14 fsecLa 

0 










fsne_a 

0 










H fsiz.a 

0 










fsgz.a 

0 










14 fslez.a 

0 










14 fsgez_a 

0 










firqp.a 

0 










^ i|S fbr_addr_a|31:0] 

00000000 

00000094 ) 

00000098 ) 

OOOOOOeO 

OOOOOObc 

; OOOOOOeO ) 

000000C4 

( 00000 lOe ;s 

OOOOOOeO ; 

; 00c 

► ^ fjump_addr_a[31:0; 

00000000 

0000c 

boo X 08800028 ; 


00000000 


02800028 ) 

; ooool 

)000 

^ ^ falu_result_a[31:0] 

00000000 

0000c 

000 ) 

ffffffff 


00000000 


ffffoooo ) 

; ooool 

iooo 

^ *0 fwr_data_a[31:0] 

00000000 





00000000 





► ^ fwb_reg_addr_a[4:i 

0 





0 





Name 11 Value 


192 ns 1 

194 ns 1 

196 ns 1 

198 ns 1 

200 ns 1 

202 ns 1 

204 ns 1 

206 ns 1 

208 ns 

▼ ]li” EX/MEM Register 

0 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ ]!' Inputs 

H memread.a 

0 










l|l memwrite a 

0 










memtoreg_a 

0 










1 |^ regwrite_a 

0 










l|i beq_a 

0 










bne a 

0 










blz_a 

0 










bgz_a 

0 










blez.a 

0 










bgez a 

0 










jump_a 

0 









seq_a 

0 


1 








sne a 

0 










14 slz_a 

0 










sgz_a 

0 










l|l slez_a 

0 










sgez_a 

0 










H irqp.a 

0 











^ ^ br_addr_a^l:0] 

00000000 

; oooooofo ) 

: 00000138 ) 

^ 00000114 ) 

[ 00000118 ) 

; 0000011c 5 

; 00000164 5 

J 00000140 ) 

^ 00000144 

; 00c 

^ Jump_addr_a[31:0] 

00000000 

00000000 ) 

01040028 


00000000 


[ 02000028 J 


00000000 


^ ^ alu_result_aI31:0] 

00000000 

00000000 ) 

OOOlOOae ) 


00000000 


[ OOOOffff ) 


00000000 


^ ^ wr_data_a[31:0] 

00000000 

00000000 ) 

( oooooosf ) 




00000000 




^ ^ wb req addr a[4:0 

0 

0 ) 

1 ) 




0 




▼ ^j' Outputs 

fmemread a 

0 










H fmemwrite_a 

0 










Ijl fmemtoreg_a 

0 










fregwrite a 

0 










l|l fbeq a 

0 










fbne_a 

0 










fblz_a 

0 










fbgz a 

0 










fblez.a 

0 










fbgez a 

0 










fjump_a 

0 










fseq_a 

0 










H fsne_a 

0 












14 fsiz.a 

0 










Iji fsgz_a 

0 


1 








14 fslez.a 

0 










fsgez.a 

firqp_a 

0 

0 










^ ^ fbr_addr_api:0] 

00000000 

; OOOOOOec ) 

t; oooooofo ) 

; 00000138 

; 00000114 ) 

00000118 ) 

: 00000 lie ) 

( 00000164 ) 

00000140 j 

; 00c 

^ ^ fjump_addr_a[31:0; 

00000000 

0000c 

000 X 01040028 j 


00000000 


[ 02000028 

; ooool 

)000 

^ ^ falu_result_a[31:0] 

00000000 

0000c 

000 OOOlOOae J 


00000000 


t OOOOffff 5 

; ooool 

)000 

► ^ fwr_data_a[31:0] 

00000000 

0000c 

000 x oooooosf ; 



0000 

)000 



^ ^ fwb_reg_addr_a[4:i 

0 

0 

X 1 ) 








224 











































































































































































































Name 

Value 1 

208 ns 1 

210 ns 1 

212 ns 1 

214 ns 1 

216 ns 1 

218 ns 1 

220 ns 1 

222ns 1 

224 ns 

▼ ^ EX/MEM Register 

0 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ W Inputs 

0 










memread a 



memwrite_a 

0 










memtoreg_a 

0 










regwrite a 

0 










14 beq_a 

0 










bne a 

0 










biz a 

0 










bgz a 

0 










blez.a 

0 










bgez.a 

0 










Jump_a 

0 










1ft seq_a 

0 









— 

1ft sne a 

0 










1ft siz.a 

0 










1ft sgz_a 

0 










1ft slez.a 

0 










1ft sgez_a 

1ft irqp_a 

0 

0 










^ br_addr_a[31:0] 

00000000 

i 00000148 ) 

^ 0002C078 ) 

J oooieofc ) 

J 00000170 ) 

; 00000174 ) 

' 00000178 

; 0000017c ) 

; 00000180 ) 

; 00c 

1^ ^ Jump_addr_api:0] 

00000000 

00000000 ) 

: ooo2bfio ; 

: 00015f90 ) 



OOOOi 

)000 



1^ alu_result_a^l:0] 

00000000 

00000000 ) 

( 0000afc4 ) 

: 00005764 ) 

J 00000000 ) 

; 00000055 ) 

; 0000 

)000 ) 

: 00000055 3 

; 00c 

► ^ wr_data_api:0] 

00000000 


0000c 

000 


; 00000055 ) 

: 0000 

woo ) 

[ 00000055 ) 

; 00c 

^ ^ wb_reg_addr_a[4:0 

0 





0 





▼ ^j' Outputs 

0 










1ft fmemread_a 



1ft fmemwrite_a 

0 










1ft fmemtoreg_a 

0 










1ft fregwrtte_a 

0 









— 

1ft fbeq_a 

0 










1ft fbne_a 

0 










1ft fblz_a 

0 










1ft fbgz_a 

0 










1ft fblez_a 

0 










1ft fbgez.a 

0 










1ft fjump_a 

0 










1ft fseq_a 

0 










1ft fsne_a 

0 










1ft fslz_a 

0 










1ft fsgz.a 

0 









— 

1ft fslez.a 

0 










1ft fsgez_a 

1ft firqp_a 

0 

0 










► fbr_addr_api:0] 

00000000 

; 00000144 ) 

00000148 ) 

: 0002C078 ) 

J oooieofc ) 

; 00000170 ) 

' 00000174 ) 

^ 00000178 ) 

^ 0000017c ) 

; 00c 

► *0 fjump_addr_api:0; 

00000000 

0000c 

000 ; 

^ 0002bfl0 ) 

; 00015f90 ) 



00000000 



^ ^ falu_result_api:0] 

00000000 

0000c 

000 ) 

: 0000afc4 ) 

[ 000057e4 ) 

; 00000000 ) 

; 00000055 ) 

: 0000 

)000 ) 

; 00c 

► "ti fwr_data_api:0] 

00000000 



00000000 



' 00000055 ) 

^ 0000 

)ooo 3 

; 00c 

► fwb_reg_addr_a[4:i 

0 





0 




_ 


Name I 

1 Value 1 

|224ns 1 

226 ns 1 

228 ns 1 

230 ns 1 

232 ns 1 

234 ns 1 

236 ns 1 

238 ns 1 

240 ns 

▼ EX/MEM Register 

0 

1 









1ft elk 

1 

1 

1 

1 

1 

1 

1 

1 


▼ Inputs 

1ft memread a 

0 










1ft memwrite a 

0 










1ft memtoreg_a 

0 










1ft regwrite_a 

0 










1ft beq_a 

0 










1ft bne a 

0 










1ft blz_a 

0 










1ft bgz a 

0 










1ft blez a 

0 










1ft bgez a 

0 










1ft jump_a 

0 










1ft scQ-a 

0 










1ft sne_a 

0 









— 

1ft slz.a 

0 










1ft sgz_a 

0 










1ft slez.a 

0 










1ft sgez.a 

0 










1ft irqp.a 

0 










^ ^ br_addr_api:0] 

00000000 

00000184 3 

; 00000188 3 

0000002c 3 

; ooo3ffc8 3 

; oooooooc 3 

; 00000010 3 

[ 000060a4 3 

3 000080ac 3 

3 00c 

^ ^ Jump.addr.apirO] 

00000000 

ooooc 

000 3 

; 00040028 3 

; OOObffcO 3 

; 0000 

}ooo 3 

3 00886090 3 

3 00888094 3 

3 OQE 

^ alu_result_api:0] 

00000000 

0000 

woo 3 

oooooosf 3 

; oooofffo 3 

; 0000 

)ooo 3 

3 00000050 3 

3 ooooffff 3 

3 fff 

1^ ^ wr_data_api:0] 

00000000 

0000 

)000 

OOOlOOae 3 

; 0001004f 

0000 

)ooo 3 


OOOOfffO 


1^ lU wb_reg_addr_a[4:0 

0 

0 


3 1 3 

; 2 3 



3 3 3 

3 4 3 



225 





























































































































































































▼ Outputs 

fmemread.a 

0 

H fmemwrite_a 

0 

H fmemtoreg_a 

0 

fregwrite_a 

0 

fbeq_a 

0 

fbne.a 

0 

fblz_a 

0 

fbgz_a 

0 

H fblez.a 

0 

H fbgez.a 

0 

1^1 fjump_a 

0 

1ft Iseq_a 

0 

1ft fsne_a 

0 

1ft fsiz.a 

0 

1ft fsgz.a 

0 

1ft fslez.a 

0 

1ft fsgez.a 

0 

1ft firqp_a 

0 

^ fbr_addr_a[31:0] 

00000000 

^ ^ fjump_addr_a[31:0; 

00000000 

^ ^ falu_result_aI31:0] 

00000000 

► fwr_data_a[31:0] 

00000000 

^ ^ fwb_reg_addr_a[4:i 

0 


II Value 


111’ EX/MEM Register 
^ elk 

▼ )l' Inputs 

memread a 
memwrite a 
memtoreg_a 
regwrite_a 
beq_a 
bne_a 
blz_a 
bgz_a 
blez_a 
bgez.a 
Jump_a 

"Lfc seq_a 

sne_a 
slz_a 
sgz_a 
slez_a 
sgez_a 
irqp.a 

^ ^ br_addr_a[31:0] 

^ ^ jump_addr_a^l:0] 

^ ii||f alu_result_a[31:0] 

^ ^ wr_data_api:0] 

^ m wb_reg_addr_a[4:0 0 

▼ ^j’ Outputs 

1|^ fmemread a 0 

fmemwrite_a I 0 
fmemtoreg_a 0 
H fregwrite_a 0 

fbeq_a 0 

H fbne.a 0 

fblz_a 0 

fbgz_a 0 

H fblez.a 0 

fbgez_a 0 

fjump_a 0 

Hi fseq_a 0 

H fsne_a 0 

fsiz.a 0 

fsgz_a 0 

H fslez_a 0 

fsgez.a 0 

firqp_a 0 

► ^ fbr_addr_a|31:0] 00000000 
^ ^ fjump_addr_a[31:0; 00000000 
^ ^ falu_result_a[31:0] 00000000 

► ^ fwr_data_al31:0] 00000000 
^ i|J fwb_reg_addr_a[4:i 0 


















































































































































00000180 

: 00000184 

; 00000188 ;; 

0000002c 

: 0003ffc8 ) 

; oooooooc ; 

; 00000010 

; oooo60a4 

; ooc 


00000000 


00040028 

OOObffcO I 0000 

3000 

00886090 ; 

oos 

00000055 

0000 

3000 ;i 

0000005f 

OOOOfffO i; 0000 

3000 ) 

00000050 

: 00 

00000055 ; 

; 0000 

3000 ; 

OOOlOOae 

oooioo4f i; 0000 

3000 ; 

oooc 

fffO 


0 


; 1 ; 

; 2 X ( 


; 3 ; 


240 ns 1 

242 ns 1 

244 ns 1 

246 ns 1 

248 ns 1 

250 ns 1 

252 ns 1 

254 ns 1 

256 ns 










1 

1 

1 

1 

1 

1 

1 

1 


















































































































































^ OOOOaObS ) 

[ OOOOcObS ) 

^ 0000003c 

[ 00010228 ) 

f 0000e434 ) 

[ 00010040 ) 

: 0000e04c ) 

: 000120b8 

; ooc 

^ 0088a09c ) 

; 0088C098 ) 

^ OOlcOOlS ) 

; 001d0200 ) 

[ 0020e408 ) 

: OOldOOlO ) 

[ 0020e018 

; 00892080 

oos 

; ffffoooo ) 

: OOOOffaf ) 

: 00000006 ) 


0000 

3000 


(; oooioo4f ;; 

: fff 

0000 

ffO ) 


00000000 


: 00000006 ; 

; 00000000 ) 

oooc 

fffO 

' 5 ) 

; 6 ) 

' 7 ) 

; 8 ) 

' 7 ) 

; 8 ) 

[ 7 ) 

( 9 ; 


















































































































































; OOOOSOac 1 OOOOaObS ; 

0000c0b8 ) 

( 0000003c ; 

: 00010228 

0000e434 

( 00010040 ;i 

0000e04c 

ooc 

; 00888094 1 0088a09c ) 

; 0088C098 X 001C0018 

001d0200 

0020e408 ) 

OOldOOlO ; 

0020e018 ; 

oos 

; OOOOffFF i ffffoooo ) 

; OOOOffaf i; 00000006 


0000 

OOOO 


; ooc 

OOOOfffO 

i 

00000000 


; 00000006 ; 

: 00000000 ;i 

OOl 

: 4 ^ 5 

; 6 7 ; 

; 8 ; 

: 7 1 8 ; 

; 7 ; 
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Name | 

1 Value 1 

▼ Tfc EX/MEM Register 


elk 

0 

▼ Inputs 


H memread.a 

0 

H memwrite_a 

0 

Tfll memtoreg_a 

0 

H regwrite_a 

0 

14 beq_a 

0 

Ijl bne.a 

0 

blz_a 

0 

bgz_a 

0 

blez.a 

0 

bgez_a 

0 

jump_a 

0 

seq_a 

0 

sne_a 

0 

H slz_a 

0 

sgz.a 

0 

slez_a 

0 

H sgez_a 

0 

irqp.a 

0 

^ i|S br_addr_a|31:0] 

00000000 

jump_addr_a[31:0] 

00000000 

^ ^ alu_result_a[31:0] 

00000000 

^ ijj wr_data_a|31:0] 

00000000 

^ wb_reg_addr_a[4:0 

0 

T Outputs 


H fmemread_a 

0 

H fmemwrite_a 

0 

H fmemtoreg_a 

0 

fregwrite_a 

0 

fbeq_a 

0 

H fbne.a 

0 

H fblz_a 

0 

fbgz_a 

0 

l|l fblez.a 

0 

fbgez.a 

0 

HJl fjump_a 

0 

fsecLa 

0 

fsne_a 

0 

H fsiz.a 

0 

fsgz.a 

0 

14 fslez.a 

0 

fsgez.a 

0 

firqp_a 

0 

^ its fbr_addr_a|31:0] 

00000000 

► ^ fjump_addr_aI31:0; 

00000000 

^ ^ falu_result_api:0] 

00000000 

^ ig fwr_data_api:0] 

00000000 

► *iS fwb_reg_addr_a[4:i 

0 


Name | 

1 Value 1 

▼ EX/MEM Register 


14 elk 

0 

▼ ^i’ Inputs 


memread_a 

0 

memwrite_a 

0 

H memtoreg_a 

0 

H regwrite_a 

0 

1|| beq_a 

0 

Iji bne_a 

0 

blz_a 

0 

bgz_a 

0 

H blez_a 

0 

Ijl bgez_a 

0 

Jump_a 

0 

seq_a 

0 

sne_a 

0 

slz_a 

0 

sgz_a 

0 

14 slez.a 

0 

sgez_a 

0 

irqp_a 

0 

^ br_addr_api:0] 

00000000 

^ ^ Jump_addr_api:0] 

00000000 

^ i\S alu_result_api:0] 

00000000 

i|S wr_data_api:0] 

00000000 

^ ijS wb_reg_addr_a[4:0 

0 


256 ns 1 

258 ns 1 

260 ns 1 

262 ns 1 

264 ns 1 

266 ns 1 

268 ns 1 

270 ns 1 

272 ns 










1 

1 

1 

1 

1 

1 

1 

1 
































































































































































000140C4 ; 

0004003c ) 

[ 00000044 ) 

[ OOOlaOfO ) 

; oooicof4 

; 00000060 ^ 

[ 00000064 ) 

; 00000058 ) 

; 00 c 

; 00894088 

012ffffc J 

^ 01300000 ) 

^ 04a9a0a8 ) 

; 0525c0a8 ) 

: 04bc0010 : 

[ 05400010 : 

: 00440000 ) 

; 00 : 

; fwooef ; 

oooofffo J 

: oooofffo ) 

[ 00000001 : 


00000000 


[ 00000000 ) 

[ 00 c 


oooofffo 


; fffR)06f ) 

[ 0001004f 

; 0000 

WOO ) 

^ ffffffff ; 

; 001 

10 ; 

11 ; 

' 12 ) 

; 13 ) 

: 14 

' 15 3 

' 16 ) 

L 17 ) 










— 

















— 































































































































— 










00012068 j 

1; 000140C4 ) 

[ 0004003c ) 

: 00000044 ) 

; OOOlaOfO 

' oooicof4 ; 

: 00000060 ) 

^ 00000064 ) 

; 00 c 

i 00892080 i 

1; 00894088 ) 

[ 012ffffc ) 

; 01300000 ) 

; 04a9a0a8 

; 0525c0a8 ) 

; o46cooio ; 

^ 05400010 ; 

; oo-i 

[ 0001004f : 

: ffffoo6f 5 

: OOOC 

fffO ] 

: 00000001 ) 


0000 

)000 



OOOC 

fffO 


; ffff006f 

; 0001004f ) 

[ 0000 

)ooo ; 

( 

; 9 i 

K 10 3 

; 11 y 

' 12 ) 

; 13 ) 

: 14 3 

: 15 ) 

^ 16 ) 



274 ns 1 

276 ns 1 

278 ns 1 

280 ns 1 

282 ns 1 

284 ns 1 

286 ns 1 

288 ns 

j272ns 1 









1 

1 

1 

1 

1 

1 

1 

1 

























































































































































0000006c : 

; 00000088 ) 

: 00000064 

00000068 

0000006c ) 

; 00000064 ) 

^ 00000090 ; 

^ 00000094 ; 

; OOC 

[; 002C0010 ) 

00000028 ) 

; 

00000000 


00880028 ) 


00000000 


[; 00000004 ) 


0000 

WOO 

X 0001004f ) 


00000000 


oooofffo '1 


0000 

WOO 

i; oooofffo ) 


00000000 


[; _ n _; 




i 2 5 


0 
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▼ Outputs 

fmemread.a 

0 

H fmemwrite_a 

0 

fmemtoreg_a 

0 

fregwrite_a 

0 

fbeq_a 

0 

14 fbne.a 

0 

fblz_a 

0 

fbgz_a 

0 

H fblez.a 

0 

H fbgez_a 

0 

fjump_a 

0 

fseq_a 

0 

H fsne_a 

0 

14 fsiz.a 

0 

14 fsgz.a 

0 

14 fslez.a 

0 

fsgez.a 

0 

firqp.a 

0 

^ fbr_addr_a[31:0] 

00000000 

^ ^ fjump_addr_a[31:0; 

00000000 

^ ^ falu_result_aI31:0] 

00000000 

► ^ fwr_data_a[31:0] 

00000000 

^ ^ fwb_reg_addr_a[4:i 

0 


II Value 


111’ EX/MEM Register 
^ elk 

▼ )l' Inputs 

memread a 
memwrite a 
memtoreg_a 
regwrite_a 
beq_a 
bne_a 
blz_a 
bgz_a 
blez_a 
bgez.a 
Jump_a 

"Lfc seq_a 

sne_a 
slz_a 
sgz_a 
slez_a 
sgez_a 
irqp.a 

^ ^ br_addr_a[31:0] 

^ ^ jump_addr_a^l:0] 

^ Ilf alu_result_a[31:0] 

^ ^ wr_data_api:0] 

^ m wb_reg_addr_a[4:0 0 
T Outputs 

H fmemread_a 0 

H fmemwrite_a 0 

H fmemtoreg_a 0 
fregwrite_a 0 

fbeq_a 0 

H fbne.a 0 

H fblz_a 0 

fbgz_a 0 

fblez.a 0 

14 fbgez_a 0 

H fjump_a 0 

fsecLa 0 

14 fsne_a 0 

14 fsiz.a 0 

fsgz_a 0 

fslez_a 0 

H fsgez.a 0 

H firqp.a 0 

^ ^ fbr_addr_api:0] 00000000 
^ i|j fjump_addr_a[31:0; 00000000 
^ ^ falu_result_a[31;0] 00000000 
^ i|| fwr_data_a[31:0] 00000000 
► ^ fwb_reg_addr_a[4:i 0 

























































































































































00000058 : 

: 0000006c ) 

( 00000088 ;; 

00000064 

: 00000068 

;; 0000006c ; 

; oooooob4 

; 00000090 3 

; 00c 

00440000 

002C0010 I 00000028 


00000000 


00880028 

0000 

3000 

00000000 

; 00000004 i; 

0000 

3000 


0001004f ) 

0000 

)000 

ffffffff 

; oooofffo 

0000 

3000 


; oooofffo 

0000 

3000 

17 ^ 

11 x 




; 2 



288 ns ^ 

290 ns 1 

292 ns 1 

294 ns 1 

296 ns 1 

298 ns 1 

300 ns 1 

302 ns 1 

304 ns 










1 

1 

1 

1 

1 

1 

1 

1 

































































































































































; 00000098 ; 

ooooooeo ;; 

; OOOOOObc ) 

OOOOOOcO ) 

f 000000C4 ) 

: 0000010c ) 

[ 000000e8 ) 

: OOOOOOec 

; 00c 

00000000 ) 

08800028 ) 


00000000 


; 02800028 ) 


00000000 


00000000 ; 

ffffffff ; 


00000000 


: ffffoooo ) 


00000000 






00000000 









0 














































































































































































; 00000094 ) 

; 00000098 ) 

^ OOOOOOeO ; 

: OOOOOObc ) 

; OOOOOOcO ) 

: 000000C4 ) 

^ 0000010c ) 

^ 00000068 3 

; 00c 

0000c 

000 3 

J 08800028 ) 


00000000 


t 02800028 3 

J 0000 

3000 

0000c 

000 3 

: ffffffff ) 


00000000 


[ ffffoooo 3 

^ 0000 

3000 





00000000 









0 
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1 Name I 

1 Value 1 

▼ m EX/MEM Register 


elk 

0 

▼ Inputs 


H memread_a 

0 

H memwrite_a 

0 

memtoreg_a 

0 

H regwrite_a 

0 

beq_a 

0 

bne_a 

0 

blz_a 

0 

bgz_a 

0 

blez_a 

0 

1^ bgez.a 

0 

Jump_a 

0 

seq_a 

0 

sne_a 

0 

siz.a 

0 

sgz_a 

0 

slez_a 

0 

sgez_a 

0 

Ifa ■''qp-a 

0 

^ ^ br_addr_a[31:0] 

00000000 

^ jump_addr_a^l:0] 

00000000 

^ ^ alu_result_a[31:0] 

00000000 

► ^ wr_data_api:0] 

00000000 

^ wb_reg_addr_a[4:0 

0 

▼ ^j’ Outputs 


1|^ fmemread.a 

0 

H fmemwrite_a 

0 

1^ fmemtoreg_a 

0 

1^ fregwrite_a 

0 

fbeq_a 

0 

H fbne.a 

0 

1^ fblz_a 

0 

fbgz_a 

0 

H fblez.a 

0 

14 fbgez.a 

0 

l|l fjump_a 

0 

14 fseq_a 

0 

14 fsne_a 

0 

14 fsiz.a 

0 

14 fsgz.a 

0 

14 fslez.a 

0 

14 fsgez.a 

0 

14 firqp.a 

0 

^ fbr_addr_api:0] 

00000000 

^ ^ fjump_addr_api:0; 

00000000 

► falu_result_api:0] 

00000000 

► fwr_data_api:0] 

00000000 

^ ^ fwb_reg_addr_a[4:i 

0 


304 ns 


306 ns 


308 ns 


1 


OOOOOOftD 

00000000 

00000000 

00000000 

0 


OOOOOOec 

OOOQC 

OOOOC 

ooool 

0 


QQO' 

000 “ 

ooo" 


00000138 

01040028 

OOOlOOae 

OOOOOOSf 


00000114 


OOOOOOfO 


00000138 

01040028 

OOOlOOae 

OOOOOOSf 


OOPOflff 


Name I 

1 Value 

|320 ns 1 1 

322 ns 1 

324 ns 1 

326 ns 1 

328 ns 1 

330 ns 1 

332 ns 1 

334 ns 1 

▼ Ifc' EX/MEM Register 

0 









14 elk 


1 

1 

1 

1 

1 

1 

1 

1 

▼ Inputs 

0 









14 memread a 



14 memwrite_a 

0 









14 memtoreg_a 

0 









14 regwrite_a 

14 beq_a 

0 

0 









14 bne a 

0 









14 biz a 

0 









14 ^9^-^ 

0 









14 blez a 

0 









14 bgez a 

0 









14 Jump_a 

0 









14 ^^9-^ 

0 









14 sne_a 

0 









14 siz.a 

0 









14 sgz.a 

0 









14 slez.a 

0 







14 sgez.a 

0 



"1 






14 ■’’qp.a 

0 









^ ^ br_addr_api:0] 

00000000 

OOOOafcO ) 

; 0000afc4 ; 

; OOOOafcS ) 

0002C078 ) 

; oooisofc ; 

[ 00000170 ) 

; 00000174 ) 

: 00000178 ) 

^ ^ jump.addr.apliO 

00000000 


00000000 


0002bfl0 ) 

; 00495f90 ) 


00000000 


^ alu_resutt_api:0] 

00000000 


00000000 


0000afc4 ) 

; 000057e4 ) 

[ 00000000 ) 

[ 0000 

1055 ) 

^ ^ wr_data_api:0] 

00000000 



OOOOC 

000 



[ 0000 

)055 ) 

^ wb_reg_addr_a[4: 

0 


0 



f 18 ) 


0 
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▼ ]li" Outputs 

fmemread_a 

0 

fmemwrite_a 

0 

fmemtoreg_a 

0 

fregwrite_a 

0 

fbeq_a 

0 

H fbne.a 

0 

fbiz.a 

0 

fbgz_a 

0 

H fblez.a 

0 

14 fbgez.a 

0 

fjump_a 

0 

fseq_a 

0 

fsne_a 

0 

14 fsiz.a 

0 

14 ^S9Z_a 

0 

*4 fslez.a 

0 

14 fsgez_a 

0 

14 firqp.a 

0 

► fbr_addr_a|31:0] 

00000000 

^ ^ fjump_addr_a[31:i 

00000000 

^ ijj falu_result_a[31:0 

00000000 

► *0 fwr_data_a[31:0] 

00000000 

► fwb_reg_addr_a[4 

0 


J. MEM STAGE 


Name I 

1 Value j 

0 ns 1 

. 

. 

6 ns 1 

8 ns 1 

10 ns 1 

12 ns 1 

14 ns 1 

16 ns 

▼ MEM stage 

▼ Inputs 

"4 beq_a 

0 










bgez a 

0 










14 bgz a 

0 










14 blez_a 

0 










14 biz a 

0 










14 bne a 

0 










14 irqp.a 

0 










14 jump_sel_a 

0 










14 memread a 

0 










14 memtoreg a 

0 










14 memwrite_a 

0 










14 regwrite_a 

0 










14 seq_a 

0 










14 sgez_a 

0 










14 sgz_a 

0 










14 slez a 

0 








14 slz_a 

0 










14 sne_a 

0 










14 tx_empty_a 

1 










14 tx_enable_a 

0 










^ uart_data_in_a[7:0] 

00000000 





00000000 





^ iy wb_reg_addr_a[4:0 

0 


0 


J 1 ) 

:: 2 ) 


) 

; 3 ) 


^ ij[f addr_a[31:0] 

00000000 


00000000 


; 0000000a ; 

OOOOfffO 


00000000 


; 001 

^ ^ br_addr_api:0] 

00000000 


00000000 


; 0000002c ; 

; 0003 ffc 8 ) 

: 0000000c ) 

( 00000010 ) 

; 000060a4 ; 

; 00 c 

^ ^ data_in_a[31;0] 

00000000 




00000000 



) 

; OOOC 

fffO 

^ jump_addr_a[31:0] 

00000000 


00000000 


00040028 ; 

; OOObffcO ) 

; 0000 

DOOO ) 

; 00886090 ) 

; 00 s 

▼ ^j" Outputs 

14 brJump_sel_out_a 

0 










14 fmemtoreg_a 

0 










14 fregwrite_a 

0 










14 ld_tx_data_flag_a 

0 










^ ^ uart_data_out_a[7: 

xxxxxxxx 





xxxxxxxx 





► fwb_reg_addr_a[4:i 

0 


0 


; 1 ) 

( 2 ) 



; 3 ) 


^ i|^ addr_out_a[31;0] 

00000000 





00000000 





^ alu_result_a|31:0] 

00000000 


00000000 


0000000a ) 

( OOOOfffO ) 


00000000 


( 001 

^ data_out_a|31:0] 

xxxxxxxx 





xxxxxxxx 
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II Value I 16 


' MEM Stage 
▼ Inputs 

beq_a 0 

bgez.a 0 

bgz_a 0 

blez_a 0 

blz_a 0 

bne.a 0 

1 || irqp_a 0 

jump sel a 0 

memread a I 0 

memtoreg_a I 0 

H memwrite_a 0 

regwrite.a I 0 

seq_a 0 

H sgez_a 0 

sgz.a 0 

slez_a 0 

slz_a 0 

sne_a 0 

tx_empty_a 1 

H tx_enable_a 0 

^ uart_datajn_a[7:0] 00000000 

^ ^ wb_reg_addr_a[4:0 0 

P- addr_a[31:0] 

^ in br_addr.a[31:0] 

^ data_in_a[31:0] 

1^ ^ jump_addr_a[31;0] 

T Outputs 

brJump_sel_out_a 
fmemtoreg_a 
fregwrite a 
ld_tK_data_flag_a 
^ ^ uart_data_out_a[7: 

^ l|j fwb_reg_addr_a[4:i 
^ ^ addr_out_a[31:0] 

^ *1^ alu_result_api:0] 

^ ijf data_out_api: 0 ] 


4 MEM Stage 

▼ ^l' Inputs 

ljl beq_a 
bgez_a 
bgz_a 
blez.a 
blz_a 
H bne_a 

H ifQP.a 
l|l Jump_sel_a 
memread a 
memtoreg_a 
memwrite_a 
H regwrite_a 

l|l sgez_a 
sgz_a 
slez.a 
slz_a 
sne a 
tx empty_a 
tx_enable_a 

^ ^ uart_data_in_a[7:0] 

^ ^ wb_reg_addr_a[4:0 
^ ^ addr_api; 0 ] 

^ ilf br_addr_api:0] 

^ datajn_api: 0 ] 00000000 
^ ^ Jump_addr_api:0] 00000000 

▼ Outputs 

brJump_sel_out_a| 0 
14 fmemtoreg_a 0 
fregwrite_a 0 

ld_tx_data_flag_a 0 
P- in uart_data_out_a[7: XXXXXXXX 
► *0 fwb_reg_addr_a[4:i 0 
P- 10 addr_out_api:0] 00000000 
p ^ alu_result_api:0] 00000000 
p 10 data_out_api:0] xxxxxxxx 


16 ns 1 

18 ns 1 

20 ns 1 

22ns 1 

24 ns 1 

26 ns 1 

28 ns 1 

30 ns 1 

32 ns 














































































































































































00000000 





; ^ ) 

; 5 ) 

; 6 ) 

; 7 ) 

; 8 3 

; 7 3 

; 8 3 

( 7 3 


[; OOOOfffa 

: ffffooos ) 

; OOOOfffa ) 

: 00000006 ) 


0000 

3000 


: oQi 

OOOOSOac ) 

; 0000a0b8 ) 

; 0000c0b8 ) 

; 0000003c ) 

; 00010228 ) 

0000e434 ) 

; 00010040 3 

( 0000e04c 3 

; 00c 


oooofffo 



00000000 


; 00000006 

1; 00000000 3 

; OQI 

00888094 ) 

0088a09c ) 

; 0088C098 ) 

; 001C0018 ) 

; 001d0200 3 

; 0020e408 ) 

; ooidooio 3 

f: 0020e018 3 

; QOS 
































xxxxxxxx 





( J 

( 5 ) 

( 6 3 

[ 7 ) 

( 8 3 

( 7 3 

( 8 3 

( 7 3 

C 





00000000 





OOOOfffa 3 

( ffffooos ) 

( OOOOfffa 5 

[ 00000006 ) 


0000 

DOOO 


( 00c 





xxxxxxxx 





32ris , 

34 ns 1 

36rrs 1 

38rw 

40 ns 1 

42 ns 1 

44ns 1 

46ns 1 

48 ns 

















































































— 


































— 



























— 









































00000000 





; 9 ) 

; 10 ) 

; 11 ) 

; 12 ) 

: 13 ) 

; 14 3 

; 15 3 

; 16 ) 


[; OOOOfffa ) 

ffffOOla ) 

; OOOC 

fffo ) 

00000001 ) 


OOOOi 

1)000 


[; 000120b8 

; 000140C4 ) 

0004003c ) 

; 00000044 ) 

; OOOlaOfO 

; oooicof4 3 

; 00000060 3 

; 00000064 ) 

f ooc 

[; OOOC 

fffo ) 

; 0000 

3000 ) 

; ffffOOla 3 

; OOOOfffa 3 


00000000 


[; 00892080 ) 

;; 00894088 ) 

: oi2ffffc ) 

; 01300000 ) 

; 04a9a0a8 ) 

0525c0a8 

; 04bc0010 3 

( 05400010 3 

; 00- 


















— 























xxxxxxxx 





9 5 

( 10 ) 

( 11 ; 

; 12 ;i 

( 13 3 

( 14 3 

( 15 3 

( 16 3 

( 





00000000 





oooofffe 

( ffffOOla ) 

( OOOC 

fffo 3 

00000001 3 


OOOOI 

3000 





xxxx> 

XXX 




( ff 
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< '*■ 


Name I 

Value 1 

48 ns 1 

50 ns 1 

52ns 1 

54 ns 1 

56 ns 1 

58 ns 1 

60 ns 1 

62ns 1 

64 ns 

▼ Tl MEM Stage 

T ^ Inputs 

beq a 

0 










bgez.a 

0 










bgz a 

0 










blez a 

0 










biz.a 

0 










bne a 

0 










irqp a 

0 










H jump_sel_a 

0 










memread_a 

0 










memtoreg_a 

0 










H memwrite_a 

0 









regwrite_a 

0 









seq_a 

0 










H sgez_a 

0 










14 sgz_a 

0 










14 slez a 

0 









— 

H slz_a 

0 










H sne_a 

0 










Hi tK_empty_a 

1 










H tx_enable_a 

0 










^ uart_data_in_a[7:0] 

00000000 





00000000 





^ wb_reg_addr_a[4:0 

0 

17 ) 

( 11 ) 




) 

' 2 ) 

' c 


^ addr.a[31:0] 

00000000 

00000000 ) 

i 00000004 ) 


0000 

DOOO 


( OOOOfffia ) 

^ 00001 

>000 

^ ^ br_addr_api:0] 

00000000 

00000058 ) 

( 0000006c ) 

; 00000088 ) 

; 00000064 ; 

; 00000068 ) 

[ 0000006c ) 

[ 00000064 ) 

: 00000090 ) 

; 00c 

^ ijj data_in_a[31:0] 

00000000 

00000000 ) 

f OOOOfffO ) 


0000 

DOOO 

) 

( OOOOfffO ) 

^ 00001 

>000 

^ Jump_addr_a[31:0] 

00000000 

00440000 ) 

002C0010 ) 

; 00000028 ) 


00000000 ^ 


J 00880028 ) 

^ 00001 

)000 

T Outputs 

0 










H brJump_sel_out_a 



fmemtoreg_a 

0 

1 









Hi fregwrite_a 

0 










ld_tx_data_flag_a 

0 










^ ^ uart_data_out_a[7: 

xxxxxxxx 





xxxxxxxx 





► ^ fwb_reg_addr_a[4:i 

0 

( 17 ; 

: 11 ) 





: 2 ) 



^ ^ addr_out_api;0] 

00000000 

0000 c 

000 ) 

00000088 i 


00000064 


: 000000b4 ; 

[ OOOOl 

)090 

^ alu_result_a[31:0] 

00000000 

00000000 ; 

; 00000004 ) 


0000 

DOOO 


; OOOOfffa ) 

J OOOOl 

)000 

^ data_out_api:0] 

xxxxxxxx 

t; 




ffffffff 






Name I 

1 Value 1 

. 

50 ns 1 

52 ns 1 

54 ns 1 

56 ns 1 

58 ns 1 

60 ns 1 

62 ns 1 

64 ns 

▼ ^i' MEM Stage 
▼ Inputs 

beq a 

0 

1 









bgez.a 

0 










bgz a 

0 










blez a 

0 










biz.a 

0 










IH bne a 

0 










irqp a 

0 










jump.sel.a 

0 










memread.a 

0 










H memtoreg.a 

0 










H memwrite.a 

0 









regwrite.a 

0 









Hi seq.a 

0 










sgez.a 

0 










14 sgz.a 

0 










Hi slez a 

0 









— 

14 siz.a 

0 










14 sne.a 

0 










14 tx.empty.a 

14 tx.enable.a 

1 

0 










^ ^ uart.data.in.a[7:0] 

00000000 





00000000 





^ wb_reg_addr_a[4:0 

0 

< 17 ) 

^ 11 3 





; 2 3 



^ ^ addr.apirO] 

00000000 

00000000 ) 

: 00000004 3 


0000 

3000 


; oooofffe 3 

; OOOOl 

)000 

^ br.addr.api:0] 

00000000 

t; 00000058 3 

: 0000006c 3 

[ 00000088 ) 

; 00000064 3 

; 00000068 3 

; 0000006c ) 

: 00000064 3 

; 00000090 3 

; 00c 

^ i|j data.in.apirO] 

00000000 

00000000 3 

[ OOOOfffO 3 


0000 

3000 


; OOOOfffO 3 

; OOOOl 

)000 

^ ^ jump.addr.apirO] 

00000000 

1 ; 00440000 3 

' 002C0010 3 

; 00000028 ) 


00000000 


: 00880028 3 

; OOOOl 

)000 

▼ ^|‘ Outputs 

0 










14 brJump.sel.out.a 



14 fmemtoreg.a 

0 










14 fregwrite.a 

0 

1 









14 Id.tx.data.flag.a 

0 










^ uart.data.out_a|7; 

xxxxxxxx 

1 - 




xxxxxxxx 





► fwb.reg.addr.a[4:i 

0 

1; 17 3 

; 11 3 





; 2 3 



^ ^ addr.out.apiiO] 

00000000 

0000c 

000 3 

00000088 3 


00000064 


00000064 3|; ooooi 

)090 

^ alu_result_a|31:0] 

00000000 

00000000 3 

; 00000004 3 


0000 

DOOO 


; oooofffe 3 j; OOOOl 

)000 

^ HU data.out.apirO] 

xxxxxxxx 

( 




ffffffff 





232 




























































































































































































Name I 


. 

66 ns 1 

68 ns 1 

70 ns 1 

72 ns 1 

74 ns 1 

76 ns 1 

78 ns 1 

80 ns 

▼ Tfc MEM Stage 
▼ 4 Inputs 

beq a 

1 









bgez.a 

0 










bgz_a 

0 










IQl blez_a 

0 










blz_a 

0 










bne a 

0 










irqp a 

0 










jump_sel_a 

0 










memread a 

0 










memtoreg a 

0 










memwrite_a 

0 










H regwrite_a 

0 










seq_a 

0 










sgez a 

0 










sgz_a 

0 










slez.a 

0 










slz_a 

0 



H sne_a 

0 










H tx_empty_a 

14 tx_enable_a 

1 

0 










^ ^ uart_datajn_a[7:0] 

00000000 





00000000 





iiyi wb_reg_addr_a[4:0 

0 





0 





^ ^ addr_a[31:0] 

00000000 

0000 c 

000 ; 

ffffffff ) 


00000000 


: ffffOOOS ) 

^ OOOOi 

)000 

^ i\|f br_addr_a[31:0] 

00000000 

t; 00000094 ) 

; 00000098 ; 

; OOOOOOeO ) 

; OOOOOObc ) 

; OOOOOOeO j 

; OOOOOOC4 

: 0000010 c ; 

^ 00000068 ) 

; 00c 

^ ^ data_in_a[31:0] 

00000000 





00000000 





Jump_addr_a^l:0] 

00000000 

0000c 

000 j 

; 08800028 ) 


00000000 


: 02800028 ) 

[ OOOOI 

)000 

T Outputs 

0 










H brJump_sel_out_a 



fmemtoreg_a 

0 










fregwrtte_a 

0 










H ld_tx_data_flag_a 

0 










P’ ^ uart_data_out_a[7: 

xxxxxxxx 





xxxxxxxx 





p ^ fwb_reg_addr_a[4:i 

0 





0 





p i|S addr_out_a[31:0] 

00000000 

0000c 

090 ) 

( OOOOOOeO ) 


OOOOOObc 


; 00000loc 

; OOOOI 

)0e8 

p alu_result_api: 0 ] 

00000000 

0000c 

000 i' ffffffff ■) 


00000000 


; ffffooos j 

; OOOOI 

)000 

p ^ data_out_api: 0 ] 

xxxxxxxx 


I 


ffffffff 






Name I 

1 Value 1 

64 ns 1 

66 ns 1 

68 ns 1 

70 ns 1 

72 ns 1 

74ns 1 

76 ns 1 

78 ns 1 

80 ns 

▼ ]li’ MEM Stage 
▼ 4 Inputs 

beq a 

0 










H bgez.a 

0 










bgz.a 

0 










blez.a 

0 










H biz.a 

0 










bne a 

0 










irqp a 

0 










jump.sel.a 

0 










memread a 

0 










memtoreg a 

0 










H memwrite.a 

0 










regwrite.a 

0 










l|l seq_a 

0 










H sgez.a 

0 










sgz.a 

0 










slez.a 

0 










14 siz.a 

0 










sne.a 

0 










tK.empty.a 

1 










H tx.enable.a 

0 










P uart_data_in_a[7:0] 

00000000 





00000000 





P ^ wb_reg_addr_a[4:0 

0 





0 





P ij|f addr.apirO] 

00000000 

0000c 

000 ) 

; ffffffff ;i 


00000000 


; ffffooos ) 

^ OOOOI 

)00Q 

P ^ br_addr_api:0] 

00000000 

00000094 ) 

; 00000098 ) 

; OOOOOOeO i 

; OOOOOObc ; 

; OOOOOOeO ) 

; 000000C4 ) 

J 0000010 c ) 

[ OOOOOOeO ) 

; ooc 

p ^ data_in_api: 0 ] 

00000000 





00000000 





P ijj Jump_addr_api:0] 

00000000 

0000c 

000 ) 

08800028 j 


00000000 


J 02800028 ) 

J OOOOI 

)00Q 

T ]ll' Outputs 

0 










brjump.sel.out.a 



fmemtoreg.a 

0 










H fregwrite.a 

0 










H Id.tK.data.flag.a 

0 










p ^ uart.data.out.ap: 

xxxxxxxx 





xxxxxxxx 





P ^ fwb.reg.addr.a[4:i 

0 





0 





P i|g addr.out.api:0] 

00000000 

0000c 

090 ; 

OOOOOOeO ) 


OOOOOObc 


( 0000010 c ) 

; OOOOI 

)0e8 

p ^ alu.result.apiiO] 

00000000 

0000c 

000 ; 

ffffffff % 

00000000 


( ffffooos ) 

; OOOOI 

>000 

P i|| data.out.api;0] 

xxxxxxxx 



- 1 - 

ffffffff 




_ 


233 


























































































































































































Name I 

Value 1 

80 ns 1 

82 ns 1 

84 ns 1 

86 ns ^ 

88 ns 1 

90 ns 1 

92 ns 1 

94ns 1 

96 ns 

▼ MEM Stage 

▼ Inputs 

beq_a 

0 










bgez.a 

0 










bgz a 

0 










blez a 

0 










biz a 

0 










bne_a 

0 










irqp a 

0 










jump sel a 

0 










H memread_a 

0 










memtoreg a 

0 










H memwrite_a 

0 










H regwrite_a 

0 










seq_a 

0 










lj| sgez_a 

0 










sgz_a 

0 










Ijy slez a 

0 









— 

IQl slz_a 

0 










sne_a 

0 










H tx_empty_a 
tx_enable_a 

1 

0 










^ uart_data_in_a[7:0] 

00000000 





00000000 





^ wb_reg_addr_a[4:0 

0 

0 

) 

; 1 ) 



c 




^ ^ addr_a[31:0] 

00000000 

0000c 

000 ) 

; 00010004 


00000000 


[ OOOOfffa ) 

: 00001 

>000 

^ ^ br_addr_a[31:0] 

00000000 

OOOOOOec ) 

; oooooofo ) 

; 00000138 ;i 

; 00000114 j 

00000118 ) 

; 0000011 c ) 

J 00000164 ) 

J 00000140 ) 

; 00c 

^ data_in_a|31:0] 

00000000 

0000c 

000 ) 

; 0000000a j 



00001 

)000 



^ ^ jump_addr_a|31:0] 

00000000 

0000c 

000 ) 

; 01040028 i 


00000000 


[ 02000028 ) 

: 00001 

)000 

W Outputs 

0 










brJump_sel_out_a 



fmemtoreg_a 

0 










H fregwrite_a 

0 










H ld_tx_data_flag_a 

0 










^ ^ uart_data_out_a[7; 

xxxxxxxx 





xxxxxxxx 





► ^ fwb_reg_addr_a[4:i 

0 

0 


; 1 ) 







^ addr_out_a[31:0] 

00000000 

0000c 

0 e8 ) 

; 00000138 ) 


00000114 


' 00000164 ) 

; ooool 

)140 

^ alu_result_a[31:0] 

00000000 

0000c 

000 ) 

00010004 ) 


00000000 


: OOOOfffa J 

[ OOOOl 

)000 

^ ^ data_out_api: 0 ] 

xxxxxxxx 





ffffffff 






1 Name | 

1 Value 1 

96 ns 1 

98ris 1 

100 ns 1 

102 ns 1 

104 ns 1 

106 ns 1 

108 ns 1 

110 ns 1 

112 ns 

T MEM Stage 

▼ ^l' Inputs 

beq_a 

0 










bgez a 

0 










bgz_a 

0 










l|l blez a 

0 










biz a 

0 










H bne_a 

0 










irqp_a 

0 










jump_sel_a 

0 









— 

memread.a 

0 








IJl memtoreg a 

0 










H memwrite_a 

0 










14 regwrite_a 

0 










Iji seq_a 

0 










sgez_a 

0 










sgz_a 

0 



l|l slez a 

0 










14 siz.a 

0 










H sne_a 

0 










ljl tx_empty_a 

1 










H tx_enable_a 

0 










^ ^ uart_data_jn_a[7:0] 

00000000 





00000000 





^ ^ wb_reg_addr_a[4:0 

0 

1 




0 





^ ii|f addr.a[31:0] 

00000000 

0000c 

000 ) 

0000afc4 ) 

; 000057e4 ) 

[ 00000000 ) 

; 00000055 ) 

[ 0000 

)000 ) 

; ooc 

^ ^ br_addr.a[31:0] 

00000000 

00000144 ; 

; 00000148 ) 

; 0002C078 ) 

; 000160fc ) 

J 00000170 ) 

[ 00000174 ) 

: 00000178 ) 

; 0000017c ) 

[ 00c 

^ ^ data_in_a|31:0] 

00000000 



00000000 



[ 00000055 ) 

[ 0000 

)000 ) 

: ooc 

^ jump_addr_a[31:0] 


0000c 

000 ) 

ooo 2 bfio ) 

; 00015f90 ) 



00000000 



▼ Outputs 









— 

14 brJump_sel_out_a 


fmemtoreg_a 








1 |^ fregwrite_a 










14 ld_tx_data_flag_a 










^ m uart_data_out_a[7: 

xxxx> 

XXX ) 




01010101 




^ ^ fwb_reg_addr_a[4:i 





0 





^ ^ addr_out_a[31:0] 




00000140 



) 

J OOOOl 

)000 

^ ^ alu_result_api: 0 ] 

BH 

0000c 

000 ) 

; 0000afc4 

000057e4 

( 00000000 ) 

00000055 

0000 

booo ) 

^ ooc 

^ ^ data_out_api: 0 ] 

fffff 

Fff 

00000055 



0000 ' 

3000 


_ 


234 





















































































































































































Name I 

Value 1 

112 ns 1 

114 ns 1 

116 ns 1 

118 ns ^ 

120 ns 1 

122 ns 1 

124 ns 1 

126 ns 1 

128 ns 

▼ MEM Stage 

T ^ Inputs 

beq a 

0 










bgez.a 

0 










bgz a 

0 










blez a 

0 










biz.a 

0 










bne a 

0 










irqp a 

0 










H jump_sel_a 

0 










memread a 

0 










memtoreg a 

0 










H memwrite_a 

0 










regwrite_a 

0 










seq_a 

0 






H sgez_a 

0 










14 sgz_a 

0 










14 slez a 

0 










H slz_a 

0 










H sne_a 

0 










Hi tK_empty_a 

1 










H tx_enable_a 

0 










^ uart_data_in_a[7:0] 

00000000 





00000000 





^ wb_reg_addr_a[4:0 

0 


0 


' 1 ) 

; 2 ) 



' 3 ; 


^ addr.a[31:0] 

00000000 

t; 00000055 ) 

J OOOOl 

Dooo ;i 

; oooooo5f 

; oooofffo ) 

0000 

woo ) 

^ 00000050 ) 

; 00 

^ ^ br_addr_api: 0 ] 

00000000 

[; 00000180 

( 00000184 ) 

; 00000188 ; 

; 0000002 c ; 

; 0003ffc8 ) 

; 0000000 c ) 

J 00000010 ) 

: 000060a4 ) 

; 00 c 

^ 1^ data_in_a[31:0] 

00000000 

[; 00000055 ) 

;; OOOOl 

DOOO ) 

; 00010004 ) 

; OOOOfffa ) 

; 0000 

woo ) 

^ 000 c 

fffO 

^ Jump_addr_a[31:0] 

00000000 


00000000 


; 00040028 

; OOObffcO ) 

0000 

woo ) 

^ 00886090 ) 

; QOS 

T ]ll’ Outputs 

H brJump_sel_out_a 

0 










fmemtoreg_a 

0 










H fregwrtte_a 

0 










Iji ld_tx_data_flag_a 

0 










P’ ^ uart_data_out_a[7: 

xxxxxxxx 





01010101 





P ^ fwb_reg_addr_a[4:i 

0 


0 


; 1 ) 

:: 2 ) 



' 3 ) 


p i|g addr_out_a|31:0] 

00000000 





00000000 





p ^ alu_result_api: 0 ] 

00000000 

00000055 ) 

;; OOOOl 

Dooo ::i 

; 0000005f ; 

; oooofffo ) 

; 0000 

DOOO ) 

^ 00000050 ) 

; 00 

p BU data_out_api: 0 ] 

xxxxxxxx 


- 1 



00000000 






Name I 

1 Value 1 

128 ns 1 

130 ns 1 

132 ns 1 

134 ns 1 

136 ns 1 

138 ns 1 

140 ns 1 

142 ns 1 

144 ns 

▼ 1||” MEM Stage 
▼ Inputs 

beq_a 

0 










H bgez.a 

0 










bgz a 

0 










blez a 

0 










biz a 

0 










H bne.a 

0 










irqp a 

0 










jump sel a 

0 










H memread.a 

0 










memtoreg a 

0 










H memwrite.a 

0 










H regwrite.a 

0 










Ifc seq_a 

0 










sgez.a 

0 










14 sgz.a 

0 










14 slez.a 

0 










siz.a 

0 










H sne.a 

0 










tx.empty.a 

H tx.enable.a 

1 

0 










P ^ uart_data_in_a[7:0] 

00000000 





00000000 





p wb_reg_addr_a[4:0 

0 

; 4 ) 

t 5 ) 

; 6 ) 

; 7 ; 

; 8 ) 

; 7 ) 

; 8 ) 

( 7 ) 


addr_api:0] 

00000000 

[; ooooffff ) 

ffffOOOO ) 

; OOOOffaf ) 

00000006 ; 


0000 

)000 

) 

; 00c 

P ^ br.addr.apirO] 

00000000 

[; 000080ac ) 

; 0000a0b8 ) 

; 0000c0b8 ) 

: 0000003c ; 

; 00010228 ) 

00006434 ) 

; 00010040 5 

J 0000e04c ) 

; 00c 

data.in.apirO] 

00000000 


oooofffo 



00000000 


; 00000006 

; 00000000 ) 

; 001 

P Jump_addr_api:0] 

00000000 

00888094 ) 

0088a09c ) 

; 0088C098 ) 

; 001C0018 

001 d0200 ) 

; 00206408 ) 

OOldOOlO 

; 00206018 ) 

; 00s 

T Outputs 

H brjump.sel.out.a 

0 










H fmemtoreg.a 

0 










fregwrite.a 

H Id.tx.data.flag.a 

0 

0 










p uart.data.out.ap: 

xxxxxxxx 





01010101 





p i|^ fwb_reg_addr_a[4:t 

0 


; 5 ) 

; 6 ;i 

; 7 ) 

; 8 ) 

; 7 ; 

; 8 ) 

( 7 ; 

I 

p ^ addr.out.apirO] 

00000000 





00000000 





p ^ alu_result_api:0] 

00000000 

xxxxxxxx 

1 ; ooooffff ; 

; ffffOOOO ) 

OOOOffaf ; 

00000006 ) 

( 

0000 

WOO 


; 00c 

p ^ data.out.apirO] 





00000000 






235 



















































































































































Name I 

Value 1 

144ns 1 

146 ns 1 

148 ns 1 

150 ns 1 

152 ns 1 

154 ns 1 

156 ns 1 

158 ns 1 

160 ns 

▼ }ll MEM Stage 
▼ ]ll' Inputs 

H beq_a 

0 










bgez a 

0 










bgz a 

0 










H blez_a 

0 










1 || biz a 

0 










bne a 

0 










irqp a 

0 










jump_sel_a 

0 










memread a 

0 









— 

memtoreg a 

0 









H memwrite_a 

0 









H regwrite_a 

0 










seq_a 

0 









— 

H sgez_a 

0 










"Lfc sgz.a 

0 










slez_a 

0 









— 

Iji slz_a 

0 










sne_a 

0 










H tx_empty_a 

1 










H tx_enable_a 

0 










^ ^ uart_data_in_a[7:0] 

00000000 





00000000 





^ ^ wb_reg_addr_a[4:0 

0 

9 ) 

;; 10 ) 

; 11 

; 12 ) 

; 13 

i 14 5 

' 15 ) 

[ 16 ) 


^ ilf addr_a[31:0] 

00000000 

0001004f ) 

; ffffooef ) 

oooc 

fffo ; 

; 00000001 ) 


OOOOi 

)000 


^ ^gi br_addr_a[31:0] 

00000000 

000120 b 8 ') 

;; 000140C4 ) 

0004003c ) 

; 00000044 ; 

oooiaofo 

: 0001c0f4 ) 

t 00000060 ) 

[ 00000064 ) 

; ooc 

Ijj data_in_a[31;0] 

00000000 

[: 

oooc 

fffO 


ffffooef ) 

0001004f ) 

[ 0000 

)000 3 

ff 

^ i|f jump_addr_a^l: 0 ] 

00000000 

00892080 ) 

( 00894088 ) 

; oi 2 ffffc 

; 01300000 

04a9a0a8 ) 

0525c0a8 ) 

^ 04bc0010 ) 

^ 05400010 3 

[ 00 -^ 

T Outputs 

H brJump_sel_out_a 

0 










H fmemtoreg_a 

0 









— 

fregwrite_a 

0 










ld_tx_data_flag_a 

0 










^ ^ uart_data_out_a[7: 

xxxxxxxx 





01010101 





► ^ fwb_reg_addr_a[4:i 

0 

9 ) 

10 ) 

; 11 y 

: 12 ) 

; 13 ) 

; 14 ) 

( 15 

: 16 3 


^ ijf addr_out_a[31:0] 

00000000 





00000000 





^ in alu_result_a[31:0] 

00000000 

0001004f ) 

; ffffooef ) 

; oooc 

fffo ; 

00000001 ) 


OOOOi 

)000 


^ ^ data_out_api: 0 ] 

xxxxxxxx 


- 1 


ooooc 

000 




; ff 


Name I 

1 Value 1 

144 ns 1 

146 ns 1 

148 ns 1 

150 ns 1 

152 ns 1 

154 ns 1 

156 ns 1 

158 ns 1 

160 ns 

▼ }ll MEM Stage 
▼ ]ll' Inputs 

14 becLa 

0 










bgez a 

0 










bgz a 

0 










blez.a 

0 










biz a 

0 










bne a 

0 










irqp.a 

0 










jump sel a 

0 










memread.a 

0 










H memtoreg_a 

0 










H memwrite_a 

0 









regwrite_a 

0 










seq_a 

0 









— 

sgez_a 

0 










sgz_a 

0 










14 slez.a 

0 









— 

14 siz.a 

0 










14 sne_a 

0 










14 bt_empty_a 

1 










14 tx_enable_a 

0 










^ ^ uart_data_in_a[7:0] 

00000000 





00000000 





ijj wb_reg_addr_a[4:0 

0 

9 3 

3 10 ) 

; 11 3 

; 12 3 

; 13 ) 

3 14 3 

3 15 3 

3 16 ) 

; 

^ addr_api:0] 

00000000 

[; oooioo4f ) 

ffffooef ) 

; oooc 

fffo 

; 00000001 ) 


OOOOi 

)000 


^ ^ br_addr_api:0] 

00000000 

00012068 3 

f 000140C4 ) 

; 0004003c 3 

; 00000044 3 

; OOOlaOfO ) 

3 0001c0f4 3 

3 00000060 

3 00000064 ) 

3 ooc 

ijj data_in_api;0] 

00000000 

i; 

oooc 

fffo 


ffffooef ) 

3 oooioo4f 3 

3 0000 

5000 ) 

3 ff 

^ ^ jump_addr_api:0] 

00000000 

[; 00892080 ) 

00894088 ) 

012ffffc 3 

01300000 

3 04a9a0a8 ) 

3 0525c0a8 3 

04bc0010 

3 05400010 ) 

3 002 

T ]ll' Outputs 

14 brJump_sel_out_a 

0 










14 fmemtoreg_a 

0 









— 

14 fregwrite_a 

0 










14 ld_tx_data_flag_a 

0 










^ ^ uart_data_out_ap: 

xxxxxxxx 





01010101 





^ ^ fwb_reg_addr_a[4:i 

0 

< 9 ) 

; 10 3 

3 11 3 

( 12 3 

3 13 3 

3 14 3 

( 15 5 

16 

3 

^ addr_out_api:0] 

00000000 





00000000 





^ ijj alu_result_api:0] 

00000000 

1; 0001004f ) 

ffffooef 3 

oooc 

ifffo 3 

00000001 3 


OOOOI 

)000 


^ ^ data_out_api:0] 

xxxxxxxx 




ooooc 

000 




3 ff 


236 























































































































































Name I 

Value 1 

160 ns 1 

162 ns 1 

164 ns 1 

166 ns 1 

168 ns 1 

170 ns 1 

172 ns 1 

174 ns 1 

176 ns 

▼ ^ MEM Stage 
▼ Inputs 

beq a 

0 










bgez.a 

0 










bgz a 

0 










blez a 

0 










blz_a 

0 










bne_a 

0 










irqp a 

0 










jump sel a 

0 










H memread_a 

0 










memtoreg_a 

0 










H memwrite_a 

0 









H regwrite_a 

0 









seq_a 

0 










lj| sgez_a 

0 










sgz_a 

0 










Ijy slez a 

0 









— 

IQl slz_a 

0 










sne_a 

0 










H tx_empty_a 
tx_enable_a 

1 

0 










^ uart_data_in_a[7:0] 

00000000 





00000000 





^ wb_reg_addr_a[4:0 

0 

17 ) 

( 11 ) 





' 2 ) 

' c 


^ ^ addr_a[31:0] 

00000000 

00000000 ) 

( 00000004 ) 


0000 

DOOO 


[ 0001004f ) 

^ 00001 

)000 

^ ^ br_addr_a[31:0] 

00000000 

00000058 ) 

; 0000006c ) 

; 00000088 ) 

; 00000064 

; 00000068 ) 

: 0000006c ) 

^ 000000b4 ) 

^ 00000090 ) 

; 00c 

^ data_in_a|31:0] 

00000000 

i; ffffffff ) 

( OOOOfffO ) 


0000 

DOOO 


J OOOOfffO ) 

^ 00001 

)000 

^ ^ jump_addr_a|31:0] 

00000000 

[; 00440000 

002C0010 ) 

; 00000028 ) 


00000000 


[ 00880028 ) 

[ 00001 

)000 

T Outputs 

0 










14 brJump_sel_out_a 



fmemtoreg_a 

0 

1 









fregwrite_a 

0 










14 ld_tx_data_flag_a 

0 










^ ^ uart_data_out_a[7: 

xxxxxxxx 





01010101 





^ 1^ fwb_reg_addr_a[4:i 

0 

17 ; 

; 11 ) 





: 2 ; 



^ ^ addr_out_a[31:0] 

00000000 

0000c 

000 ) 

; 00000088 ;i 


00000064 


; 000000b4 ) 

J OOOOl 

)090 

^ ^ alu_result_a|31:0] 

00000000 

00000000 ) 

; 00000004 ) 


0000 

booo 


; oooioo4f ) 

J OOOOl 

)000 

^ data_out_api: 0 ] 

xxxxxxxx 

( 




ffffffff 






Name I 

1 Value 1 

176 ns 1 

178 ns 1 

180 ns 1 

182 ns 1 

184 ns 1 

186 ns 1 

188 ns 1 

190 ns 1 

192 ns 

▼ ]ll' MEM Stage 
▼ Inputs 

beq a 

0 










bgez.a 

0 










bgz_a 

0 










blez.a 

0 










blz_a 

0 










bne a 

0 










irqp a 

0 










Ifll Jump_sel_a 

0 










memread a 

0 










TQl memtoreg a 

0 










memwrite_a 

0 










H regwrite_a 

0 










seq_a 

0 










sgez_a 

0 










H sgz_a 

0 










slez.a 

0 










14 slz.a 

0 










sne_a 

0 










H tx_empty_a 
tx_enable_a 

1 

0 










^ ^ uart_data_in_a[7:0] 

00000000 





00000000 





^ wb_reg_addr_a[4:0 

0 





0 





^ addr_api: 0 ] 

00000000 

0000 c 

000 ) 

; ffffffff ) 


00000000 


; ffffoooo 

; OOOOl 

)000 

^ ^ br_addr_api:0] 

00000000 

00000094 ) 

00000098 ) 

; OOOOOOeO ) 

: OOOOOObc ; 

; OOOOOOeO ) 

; 000000C4 ) 

: 00000 loc ) 

; OOOOOOeO ) 

; 00c 

^ data_in_api;0] 

00000000 





00000000 





^ B|9 Jump_addr_api:0] 

00000000 

0000c 

000 ) 

; 08800028 ) 


00000000 


02800028 

; OOOOl 

)000 

▼ ^i" Outputs 

0 










H brJump_sel_out_a 



T|l fmemtoreg_a 

0 










14 fregwrite_a 

0 










H ld_tx_data_flag_a 

0 










^ ^ uart_data_out_a[7: 

xxxxxxxx 





01010101 





► fwb_reg_addr_a[4:i 

0 





0 





^ ijf addr_out_api:0] 

00000000 

OOOOG 

090 ) 

; OOOOOOeO ) 


OOOOOObc 


; 0000010c ; 

; 0000 

)0e8 

^ ij| alu_result_api:0] 

00000000 

OOOOG 

000 ) 

ffffffff ) 


00000000 


; ffffoooo ) 

; 0000 

3000 

^ ^ data_out_api:0] 

xxxxxxxx 





ffffffff 




_ 


237 






























































































































































































Name I 

Value 1 

192 ns 1 

194 ns 1 

196 ns 1 

198 ns 1 

200 ns 1 

202 ns 1 

204 ns 1 

206 ns 1 

208 ns 

▼ MEM Stage 

▼ Inputs 

beq_a 

0 










bgez.a 

0 










bgz a 

0 










blez a 

0 










biz a 

0 










bne_a 

0 










irqp a 

0 










jump sel a 

0 










H memread_a 

0 










memtoreg a 

0 










H memwrite_a 

0 










H regwrite_a 

0 










seq_a 

0 










lj| sgez_a 

0 










sgz_a 

0 










Ijy slez a 

0 









— 

IQl slz_a 

0 










sne_a 

0 










H tx_empty_a 
tx_enable_a 

1 

0 










^ uart_data_in_a[7:0] 

00000000 





00000000 





^ wb_reg_addr_a[4:0 

0 

0 

) 

; 1 ) 







^ ^ addr_a[31:0] 

00000000 

0000c 

000 ) 

; OOOlOOae ) 


00000000 


[ OOOOffff ) 

J OOOOl 

)000 

^ ^ br_addr_a[31:0] 

00000000 

OOOOOOec ) 

; oooooofo ) 

; 00000138 ; 

; 00000114 j 

00000118 ) 

: 0000011c J 

^ 00000164 ) 

^ 00000140 J 

; 00c 

^ data_in_a|31:0] 

00000000 

0000c 

000 ) 

; 000000 5 f j 



OOOOl 

1000 



^ ^ jump_addr_a|31:0] 

00000000 

0000c 

000 ) 

; 01040028 ;; 


00000000 


t 02000028 ) 

[ OOOOl 

)000 

W Outputs 

0 










H brJump_sel_out_a 



14 fmemtoreg_a 

0 










fregwrite_a 

0 










ld_tx_data_flag_a 

0 










^ ^ uart_data_out_a[7: 

xxxxxxxx 





01010101 





► ^ fwb_reg_addr_a[4:i 

0 

0 

) 

; 1 y 







^ ijf addr_out_a[31:0] 

00000000 

0000c 

OeS ) 

; 00000138 ; 


00000114 


f 00000164 ) 

J OOOOl 

)140 

^ in alu_result_a[31:0] 

00000000 

0000c 

000 ) 

OOOlOOae 


00000000 


; OOOOffff ) 

^ OOOOl 

)000 

^ i|g data_out.a[31:0] 

xxxxxxxx 


- 1 



ffffffff 




_ 


Name I 

1 Value 1 

|208 ns 1 

210 ns 1 

212 ns 1 

214 ns 1 

216 ns 1 

218 ns 1 

220 ns 1 

222 ns 1 

224 ns 

▼ MEM Stage 

▼ ^ Inputs 

beq_a 

0 

1 ' ' .. 









bgez a 

0 










bgz_a 

0 










blez a 

0 










T|l biz a 

0 










H bne_a 

0 










irqp_a 

0 










H jump_sel_a 

0 









— 

H memread.a 

0 








memtoreg a 

0 










H memwrite_a 

0 










regwrite_a 

0 










H seQ_a 

0 










sgez_a 

0 










sgz_a 

0 



slez.a 

0 










14 slz_a 

0 










sne_a 

0 










tx_empty_a 

1 

[ 









H tx_enable_a 

0 










^ Hjf uart_data_in_a[7:0] 

00000000 





00000000 





1^ ^ wb_reg_addr_a[4:0 

0 





0 





^ ilf addr.api: 0 ] 

00000000 

0000c 

000 ) 

0000afc4 ) 

; 000057e4 ) 

' 00000000 ) 

( 00000055 ) 

[ 0000 

1000 

; 00c 

^ br_addr_a^l: 0 ] 

00000000 

i; 00000144 ) 

00000148 ) 

; 0002C078 ) 

; 000160fc ) 

: 00000170 : 

: 00000174 ] 

[ 00000178 ) 

; 0000017c ) 

; 00c 

^ data_in_a[31:0] 

00000000 



00000000 



( 00000055 ) 

; 0000 

)000 

; 00c 

^ Jump_addr_a[31:0] 

00000000 

0000c 

000 ) 

; 0002bfl0 ) 

00015f90 



00000000 



▼ Til’ Outputs 

0 









— 

14 brJump_sel_out_a 


fmemtoreg_a 

0 








fregwrite_a 

0 










14 ld_tx_data_flag_a 

0 










^ ^ uart_data_out_a[7: 

xxxxxxxx 





01010101 





^ ^ fwb_reg_addr_a[4:i 

0 





0 





^ addr_out.a^l: 0 ] 

00000000 




00000140 




[ OOOOl 

>000 

^ ijj alu_result_a[31:0] 

00000000 

0000c 

000 ) 

0000afc4 ) 

000057e4 

; 00000000 ; 

; 00000055 ) 

0000 

1000 ) 

; 00c 

^ ^ data_out_api: 0 ] 

xxxxxxxx 

fffff 

ff :i 

00000055 j 



OOOOl 

)000 


_ 


238 

















































































































































































Name 

Value 1 

224 ns 1 

226 ns 1 

228 ns 1 

230 ns 1 

232 ns 1 

234 ns 1 

236 ns 1 

238 ns 1 

240 ns 

▼ Tl MEM Stage 

T ^ Inputs 

beq a 

0 










bgez.a 

0 










bgz a 

0 










blez a 

0 










biz.a 

0 










bne a 

0 










irqp a 

0 










H jump_sel_a 

0 










memread a 

0 










memtoreg a 

0 










H memwrite_a 

0 










regwrite_a 

0 










seq_a 

0 






H sgez_a 

0 










14 sgz_a 

0 










14 slez a 

0 










H slz_a 

0 










H sne_a 

0 










Hi tK_empty_a 

1 










H tx_enable_a 

0 










^ iy uart_data_in_a[7:0] 

00000000 





00000000 





^ ly wb_reg_addr_a[4:0 

0 


0 


; 1 ) 

; 2 ) 



( 3 ) 


^ 9^ addr.a[31:0] 

00000000 

t; 00000055 ) 

; ooool 

DOOO ) 

; oooooo5f 

; oooofffo ) 

0000 

WOO ) 

; 00000050 ) 

; 00 

^ ^ br_addr_api:0] 

00000000 

[; 00000180 

; 00000184 ) 

; 00000188 ) 

; 0000002 c ) 

; 0003ffc8 ) 

; OOOOOOOc ) 

J 00000010 ) 

: 000060a4 ) 

; 00c 

^ ijj data_in_a[31:0] 

00000000 

[; 00000055 ) 

; ooool 

DOOO ) 

; OOOlOOae 

; oooioo4f ) 

; 0000 

WOO ) 

^ OOOC 

fffO 

^ Jump_addr_a[31:0] 

00000000 


00000000 


; 00040028 

; OOObffcO ) 

; 0000 

WOO ) 

^ 00886090 ) 

; QOS 

T Outputs 

Hi brJump_sel_out_a 

0 










H fmemtoreg_a 

0 










H fregwrite_a 

0 










H ld_tx_data_tlag_a 

0 










^ ii|f uart_data_out_a[7: 

xxxxxxxx 





01010101 





► fwb_reg_addr_a[4:i 

0 


0 


; 1 ) 

; 2 ; 



; 3 ) 


^ 1)0 addr_out_a[31:0] 

00000000 





00000000 





^ ^ alu_result_aI31;0] 

00000000 

00000055 ; 

: 0000 

DOOO ; 

: 000000 5f 

: OOOOfffO ; 

; 0000 

0000 ) 

[ 00000050 ) 

; 00 

^ ^ data_out_a[31:0] 

xxxxxxxx 





00000000 






Name I 

1 Value 1 

240 ns 1 

242 ns , 

244 ns 1 

2^ ns 1 

2 « ns 

2OT ns , 

252 ns , 

2M ns 1 

2 ^ns 

▼ MEM Stage 

▼ ^l' Inputs 

H beq_a 

0 










H bgez a 

0 










H bgz_a 

0 










H blez a 

0 










Hi biz a 

0 










H bne_a 

0 










H 'rdP 3 

0 










Hi jump sel a 

0 










H memread_a 

0 










H memtoreg a 

0 










H memwrite.a 

0 










H regwrite_a 

0 










Hi 

0 










Hi S 9 ez_a 

0 










H ^9^-^ 

0 





Hi slez.a 

0 










H slz_a 

0 










H sne_a 

0 










H b(_empty_a 

H tx_enable_a 

1 

0 










^ ^ uart_data_in_a[7:0] 

00000000 





00000000 





^ ^ wb_reg_addr_a[4:0 

0 

4 ) 

f 5 ) 

; 6 ;i 

; 7 ; 

:: 8 ) 

:! 7 ) 

f 8 ) 

( 7 ) 


^ ^ addr_a[31:0] 

00000000 

OOOOffff ) 

;; ffffoooo ) 

; OOOOffaf j 

; 00000006 ; 


0000 

DOOO 

) 

; 00c 

^ ifef br_addr_a|31:0] 

00000000 

000080ac ) 

( 0000 a0b8 ) 

; 0000 c0b8 ;; 

; 0000003c ; 

; 00010228 ) 

; 0000e434 ) 

; 00010040 ) 

: 0000e04c ) 

; 00c 

^ ^ data_in_a[31:0] 

00000000 


OOOOfffO 



00000000 


; 00000006 ) 

^ 00000000 ) 

; 001 

^ Jump_addr_a[31:0] 

00000000 

00888094 ) 

; 0088a09c ) 

; 0088C098 ; 

; 001 C 0018 ; 

; 001 d0200 ) 

0020e408 ) 

; ooldoolo ) 

^ 0020e018 ) 

; 00s 

T Outputs 

Hi brJump_sel_out_a 

0 










H fmemtoreg_a 

0 










Hi fregwrite_a 

H ld.tx_data_flag_a 

0 

0 










^ ^ uart_data_out_a[7: 

xxxxxxxx 





01010101 





► ^ fwb_reg_addr_a[4:i 

0 

t; "j ) 

V 5 ) 

:: 6 ) 

( 7 ) 

V 8 ) 

; 7 ) 

( 8 ) 

; 7 j 

; 

^ ^ addr_out_a[31:0] 

00000000 





00000000 





^ ^ alu_result_a[31:0] 

00000000 

1 ; OOOOffff ) 

; ffffoooo ) 

OOOOffef ) 

( 00000006 ) 


0000 

3000 


; 00c 

^ data_out.a[31;0] 

xxxxxxxx 





00000000 




_ 


239 





















































































































































Name I 

Value 1 

256 ns 1 

258 ns 1 

260 ns 1 

262 ns 1 

264 ns 1 

266 ns 1 

268 ns 1 

270 ns 1 

272 ns 

▼ MEM Stage 

▼ Inputs 

beq a 

0 










bgez.a 

0 










bgz a 

0 










blez a 

0 










biz a 

0 










bne_a 

0 










irqp a 

0 










jump sel a 

0 










H memread_a 

0 









—— 

memtoreg a 

0 










H memwrite_a 

0 









H regwrite_a 

0 










seq_a 

0 









— 

lj| sgez_a 

0 










sgz_a 

0 










14 slez.a 

0 









— 

IQl slz_a 

0 










sne_a 

0 










H tx_empty_a 
tx_enable_a 

1 

0 










^ uart_data_in_a[7:0] 

00000000 





00000000 





^ wb_reg_addr_a[4:0 

0 

9 ) 

: 10 ) 

; 11 ) 

; 12 ) 

:: 13 ) 

; 14 ) 

; 15 ) 

; 16 ) 


^ ^ addr_a[31:0] 

00000000 

[; oooioo 4 f ) 

ffffooef ) 

; 000 c 

fffO ) 

; 00000001 ) 


OOOOI 

)000 


^ ^ br_addr_a[31:0] 

00000000 

00012068 ) 

; 000140C4 ) 

; 0004003c ) 

; 00000044 

OOOlaOfO ) 

; 0001c0f4 ) 

; 00000060 ) 

; 00000064 ; 

; 00c 

^ data_in_a|31:0] 

00000000 

[; 

000 c 

fffO 


ffffooef ) 

; oooioo4f ) 

; 0000 

1000 ; 

; ff 

^ ^ jump_addr_a|31:0] 

00000000 

[; 00892080 

; 00894088 ) 

: oi 2 ffffc ) 

; 01300000 ) 

04a9a0a8 ) 

; 0525c0a8 ) 

; 04bc0010 

; 05400010 ; 

; oo<^ 

▼ Outputs 

nil brJump_sel_out_a 

0 










fmemtoreg.a 

0 









— 

14 fregwrite_a 

0 










ld_b(_data_flag_a 

0 










^ uart_data_out_a[7: 

xxxxxxxx 





01010101 





^ ^ fwb_reg_addr_a[4:i 

0 

' 9 ) 

; 10 j 

( 11 ) 

( 12 ) 

( 13 ; 

( H j 

( 15 ; 

( 16 ; 

(; 

p- ^ addr_out_api: 0 ] 

00000000 





00000000 





^ ^ alu_result_api: 0 ] 

00000000 

0001004f 

; ffffooef ;i 

( 000c 

ifffO ) 

( 00000001 ; 


0000 

1000 


^ ^ data_out_api: 0 ] 

xxxxxxxx 



— 

OOOOC 

poo 




( ff 


1 Name I 

1 Value 1 

2^ ns , 

274 ns 1 

2^ ns , , 

2TOns 

280 ns , 

282 ns , , 

284ns 1 

286 ns , 

2^ns 

▼ '% MEM Stage 
▼ ^l" Inputs 

l|i beq_a 

0 










bgez a 

0 










bgz.a 

0 










blez a 

0 










blz_a 

0 










14 bne_a 

0 










irqp a 

0 










1|| jump sel a 

0 










14 memread_a 

0 










memtoreg_a 

0 










H memwrite_a 

0 









H regwrite_a 

0 









seq_a 

0 










IQl sgez_a 

0 










sgz_a 

0 










slez a 

0 










l|i slz_a 

0 










H sne_a 

0 










H tx_empty_a 
tx_enable_a 

1 

0 










1^ ^ uart_data_in_a[7:0] 

00000000 





00000000 





wb_reg_addr_a[4:0 

0 

17 ) 

k 11 ) 





J 2 ) 



^ ^ addr.apirO] 

00000000 

00000000 ) 

: 00000004 5 


0000 

)000 


; oooioo4f ) 

OOOOi 

)000 

^ ^ br_addr_api:0] 

00000000 

00000058 ) 

[ 0000006c ) 

[ 00000088 ) 

: 00000064 J 

: 00000068 ; 

; 0000006c ) 

00000064 ) 

00000090 ; 

; 00c 

^ data_in_api:0] 

00000000 

ffffffff ) 

[ OOOOfffO ) 


0000 

)000 


; OOOOfffO ) 

: OOOOI 

)000 

^ ^ Jump_addr_api:0] 

00000000 

00440000 ) 

[ 002C0010 ] 

; 00000028 ) 


00000000 


00880028 ) 

OOOOi 

)000 

T ]li' Outputs 

0 










H brJump_sel_out_a 



H fmemtoreg_a 

0 










1|| fregwrite_a 

0 










H ld_tx_data_flag_a 

0 










^ ^ uart_data_out_aP: 

xxxxxxxx 





01010101 





^ ^ fwb_reg_addr_a[4:i 

0 

17 ) 

; 11 ) 





; 2 j 

( c 


^ ^ addr_out_api:0] 

00000000 

OOOOC 

000 X 00000088 


00000064 


00000064 ; 

; OOOOI 

)090 

► alu_result_api:0] 

00000000 

00000000 ) 

f 00000004 i: 

0000 

3000 


; 0001004f j 

; OOOOI 

)000 

^ ^ data_out_api:0] 

xxxxxxxx 


I 


ffffffff 






240 







































































































































































Name 

Value 1 

288 ns 1 

290 ns 1 

292ns 1 

294 ns 1 

296ns 1 

298 ns 1 

300 ns 1 

302ns 1 

304 ns 

▼ MEM Stage 

▼ Inputs 

beq a 

0 










bgez.a 

0 










bgz_a 

0 










blez.a 

0 










biz a 

0 










bne_a 

0 










irqp a 

0 










jump sel a 

0 










H memread_a 

0 










memtoreg a 

0 










H memwrite_a 

0 










H regwrite_a 

0 










seq_a 

0 










lj| sgez a 

0 










sgz_a 

0 










14 slez.a 

0 










IQl slz_a 

0 



sne_a 

0 










H tx_empty_a 
tx_enable_a 

1 

0 










^ uart_data_in_a[7:0] 

00000000 





00000000 





^ wb_reg_addr_a[4:0 

0 





0 





^ ^ addr_a[31:0] 

00000000 

0000c 

000 ) 

; ffffffff ) 


00000000 


[ ffffOOOO ) 

: 00001 

>000 

^ ^ br_addr_a[31:0] 

00000000 

00000094 ; 

; 00000098 ) 

; OOOOOOeO ) 

; OOOOOObc ) 

; OOOOOOeO ) 

; 000000C4 ) 

^ 0000010 c ) 

^ OOOOOOeO ) 

; 00c 

^ data_in_a|31:0] 

00000000 





00000000 





^ ^ jump_addr_a|31:0] 

00000000 

0000c 

000 ) 

; 08800028 ) 


00000000 


[ 02800028 ) 

: 00001 

)000 

▼ )1|’ Outputs 

0 










brJump_sel_out_a 



fmemtoreg_a 

0 










TJl fregwrite_a 

0 










ld_tx_data_flag_a 

0 










^ ijf uart_data_out_a[7: 

xxxxxxxx 





01010101 





^ ^ fwb_reg_addr_a[4:i 

0 





0 





^ addr_out_a[31:0] 

00000000 

0000c 

090 ; 

( OOOOOOeO ; 


OOOOOObc 


; 0000010 c 3 

[ OOOOi 

) 0 e 8 

^ ^ alu_result_a[31;0] 

00000000 

0000c 

000 ; 

( ffffffff ; 


00000000 


ffffOOOO 3 

[ OOOOI 

)000 

^ ijf data_out_a[31:0] 

xxxxxxxx 





ffffffff 




_ 


Name | 

1 Value I 

304ns 1 

306 ns , , 

308 ns , 

310 ns 1 

3pns 

314 ns 1 

316 ns 1 

318 ns 1 

3^ ns 

▼ MEM Stage 

▼ Inputs 

beq_a 

0 










bgez.a 

0 










bgz a 

0 










H blez_a 

0 










biz a 

0 










bne a 

0 










irqp.a 

0 










jump sel a 

0 










memread a 

0 










memtoreg_a 

0 










memwrrte.a 

0 










regwrite_a 

0 










14 seq_a 

0 










Ijl sgez_a 

0 










sgz.a 

0 



slez a 

0 









— 

"Lft siz.a 

0 










14 sne.a 

0 










H tx_empty_a 

1 










H tx_enable_a 

0 










^ ^ uart_data_in_a[7:0] 

00000000 


OOOOG 

000 




01010101 



^ BU wb_reg_addr_a[4:0 

0 

0 

) 

; 1 3 







!». i|f addr.a[31:0] 

00000000 

0000c 

000 ) 

; OOOlOOae 


00000000 


J ooooffff 3 

[ OOOOI 

)000 

^ ^ br_addr_api: 0 ] 

00000000 

OOOOOOec 3 

oooooofo ) 

; 00000138 

00000114 3 

; 00000118 3 

[ 00000 lie 3 

[ 00000164 3 

: 0000 alb 8 3 

; 00c 

^ III data_in_a[31:0] 

00000000 

0000c 

000 ) 

; 000000 5f 3 



OOOOI 

1000 



^ i|j Jump_addr_a[31:0] 

00000000 

0000c 

000 ) 

01040028 3 


00000000 ^ 


^ 02000028 3 

: OOOOI 

)000 

▼ Outputs 

0 










H brJump_sel_out_a 



H fmemtoreg_a 

0 










H fregwrite_a 

0 










Hi ld_tx_data_flag_a 

0 










^ ^ uart_data_out_a[7: 

xxxxxxxx 





01010101 





► ^ fwb_reg_addr_a[4:i 

0 

0 

) 

; 1 3 







^ ijH addr_out_a[31:0] 

00000000 

0000c 

0e8 X 00000138 


00000114 


J 00000164 3 

: 0000 

ift )8 

^ Btf alu_result_aI31:0] 

00000000 

0000c 

000 OOOlOOae ; 


00000000 


ooooffff 3 

: OOOOI 

)000 

^ Wti data.out.a[31:0] 

xxxxxxxx 


- 1 - 


ffffffff 




_ 


241 

























































































































































































336 ns 


Name I 

Value 1 

320 ns 1 

322 ns 1 

324ns , 

326 ns 1 

328 ns 1 

3:M ns 1 

332ns 1 

334ns 1 

T Ifc' MEM Stage 
▼ Inputs 

IQl beq_a 

0 









bgez a 

0 









bgz_a 

0 









blez a 

0 









biz a 

0 









bne a 

0 









jump sel a 

0 









l|y memread.a 

0 









memtoreg a 

0 









IQl memwrite_a 

0 









regwrite_a 

0 









14 seq_a 

0 









sgez_a 

0 









sgz.a 

0 


slez a 

0 








14 siz.a 

0 









14 sne_a 

0 









14 tX-en'Pty.a 

1 









14 tx_enable_a 

0 









^ iy wb_reg_addr_a[4: 

0 



0 


) 

; 18 3 



^ Ig addr.a[31:0] 

00000000 


0000c 

000 


; 0000afc4 ) 

; 00005764 3 

; 00000000 3 

3 00000055 3 

^ br_addr_aI31:0] 

00000000 

[; OOOOafbc ) 

; OOOOafcO ) 

; 0000afc4 J 

OOOOafcS ) 

; 0002C078 ) 

; oooieofc 3 

; 00000170 3 

; 00000174 3 

^ data_in_api: 0 ] 

00000000 




00000000 




; 00000055 3 

^ ijj Jump_addr_a[31:0 

00000000 


0000c 

000 


; 0002bfl0 ) 

; 0049 5f90 3 

; 0000 

3000 3 

14 irqp.a 

0 









^ ^ uart_data_in_a[7:( 

00000000 




0101C 

101 




T ]li’ Outputs 

xxxxxxxx 









^ in data_out_aI31:0] 


fffff 

=ff 

) 


0000 

3055 


14 brJump_sel_out_ 

0 









14 fmemtoreg_a 

0 









14 fregwrite_a 

0 









14 ld_tx_data_flag_a 

0 


^ ^ uart_data_out_a[^ 

xxxxxxxx 




0101C 

101 




^ fwb_reg_addr_a[4 

0 



0 


) 

; 18 3 



^ *1^ addr_out_a[31:0] 

00000000 




OOOOe 

fb8 




^ ijl alu_result_a[31:0] 

00000000 


0000c 

000 


; 0000afc4 ) 

; 00005764 ) 

; 00000000 3 

; 00000055 3 










K. MEMAVB REGISTER 


Name | 

1 Value 


0 ns 1 

. 

. 

6 ns 1 

8 ns 1 

10 ns 1 

12 ns 1 

14 ns 1 

16 ns 

▼ }li MEM/WB Register 
▼ Inputs 

0 










14 elk 

1 

1 

1 

1 

1 

1 

1 


14 memtoreg_a 

0 










14 regwrite_a 

0 










^ ^ wb_reg_addr_a[4.0 

0 


0 


; 1 3 

' 2 3 



^ 3 

; 

^ i|[f alu_result_a[31:0] 

00000000 


00000000 


[ 0000000a 3 

[ OOOOfffO 3 


00000000 


; ooi 

^ ^ read_data_a[31:0] 

xxxxxxxx 





30(30000a 





▼ ^i" Outputs 

14 fmemtoreg_a 

0 










14 fregwrite_a 

0 










► fwb_reg_addr_a[4:i 

0 





' 1 3 

[ 2 3 



: 

^ ^ falu_result_a[31:0] 

00000000 


0000 

3000 


[ OOOOOOOa 3 

[ OOOOfffO 3 


00000000 


^ iH fread_data.a[31:0] 

00000000 

00000000 3 




3000C 

000< 



_ 


Name I 

1 Value 1 

. 

18 ns 1 

20 ns 1 

22 ns 1 

24 ns 1 

26 ns 1 

28 ns 1 

30 ns 1 

32 ns 

▼ MEM/WB Register 

▼ V Inputs 

0 










14 elk 

1 

1 

1 

1 

1 

1 

1 

1 


14 memtoreg_a 

0 










14 regwrite_a 

0 










^ wb_reg_addr_a[4:0 

0 

^ ) 

i 5 3 

: 6 3 

^ 7 3 

; 8 3 

[ 7 3 

3 8 3 

3 7 3 

3 

^ alu_result_api: 0 ] 

00000000 

OOOOfffa 3 

J ffff0005 

J oooofffe 3 

( 00000006 3 


0000 

3000 


3 ooi 

^ read_data_api: 0 ] 

xxxxxxxx 





xxxxxxxx 





T ]li’ Outputs 

14 fmemtoreg_a 

0 










14 fregwrite_a 

0 










► fwb_reg_addr_a[4:i 

0 

3 3 

( _ 4 _ ) 

;_ 5 _) 

; 6 _3 

:! 7 ) 

3 8 3 

( 7 ) 

; 8 _3 


^ ^ falu_result_api: 0 ] 

00000000 

00000000 3 

OOOOfffa ) 

; fffR300 5 

; OOOOfffa 

00000006 ) 


00001 

)000 


^ fread_data_api: 0 ] 

00000000 





xxxxxxxx 




_ 


242 















































































































































































44 ns 


Name 

Value 

▼ ^ MEM/WB Register 

■■■ 

▼ ^ Inputs 


’ IS, elk 

0 

1|^ memtoreg_a 

0 

H regwrite_a 

0 

^ ^ wb_reg_addr_a[4:0 

0 

^ ^ alu_result_aI31:0] 

00000000 

^ iy read_data_a[31:0] 

xxxxxxxx 

T Outputs 


ly, fmemtoreg_a 

0 

fregwrite_a 

0 

► *0 fwb_reg_addr_a[4:i 

0 

^ ^ falu.result.a[31:0] 

00000000 

^ i||g fread_data_a[31:0] 

00000000 


OOOCfffO 


OQOOfffa X ffffPQla 


QQQ(fffD 


Name | 

1 Value 1 

▼ ^ MEM/WB Register 


▼ W Inputs 


' 1ft elk 

0 

1ft memtoreg.a 

0 

1ft regwrite_a 

0 

^ wb_reg_addr_a[4.0 

0 

^ alu_result_a[31;0] 

00000000 

^ ^ read_data_a[31:0] 

xxxxxxxx 

▼ ^|‘ Outputs 


1ft fmemtoreg_a 

0 

1ft fregwrite_a 

0 

^ ^ fwb_reg_addr_a[4:i 

0 

^ ^ falu_result_a[31:0] 

00000000 

^ ^ fread_data.a^l:0] 

00000000 


1 Name | 

1 Value 1 

T % MEM/WB Register 
▼ ^j" Inputs 


1ft elk 

0 

1ft memtoreg_a 

0 

1ft regwrite_a 

0 

^ ^ wb_reg_addr_a[4:0 

0 

^ alu_result_a[31:0] 

00000000 

^ i||f read_data_a[31:0] 

xxxxxxxx 

T Outputs 


1ft fmemtoreg_a 

0 

1ft fregwrite_a 

0 

► ^ fwb_reg_addr_a[4;i 

0 

^ i|f falu_result_a[31:0] 

00000000 

^ fread_data_a[31:0] 

00000000 


. 

SOris 1 

52rns , 

54ns 1 

56 ns 1 

58ris 1 

60ns 1 

62 ns 1 

64 ns 

1 









1 

1 

1 

1 

1 

1 

1 

1 




















17 ) 

^ 11 / 





[ 2 ) 

^ C 


1 00000000 1 

; 00000004 ) 


0000 

)000 


: OOOOfffa ) 

: 0000 

>000 

1: 




ffffffff 
























t; 16 ) 

; 17 

; 11 ) 





' 2 ) 


ooooc 

000 ; 

; 00000004 ) 


0000 

)000 


: OOOOfffa 5 

: OOC 

xxxxxxxx ) 




ffff 

fff 





|64ns 1 

1 1 1 1 1 1 1 1 1 

66 ns 1 

68 ns 1 

70 ns 1 

72ris , 

74 ns 1 

76 ns 1 

78 ns 1 

80 ns 










1 

1 

1 

1 

1 

1 

1 

1 
























0 





OOOOC 

000 5 

: ffffffff ; 


00000000 


( ffffOOOS ) 

; 0000 

)000 
































0 






00000000 


[ ffffffff ) 


00000000 


[ ffff0005 ) 

^ OOC 





ffffffff 






Name | 

1 Value 1 

▼ ^ MEM/WB Register 


▼ )ll' Inputs 


1ft elk 

0 

1ft memtoreg_a 

0 

1ft regwrite_a 

0 

^ wb_reg_addr_a[4:0 

0 

^ ^ alu_result_a[31:0] 

00000000 

^ i|j read_data_a^l:0] 

xxxxxxxx 

▼ )ll’ Outputs 


1ft fmemtoreg_a 

0 

1ft fregwrite_a 

0 

► fwb_reg_addr_a[4:i 

0 

^ falu_result_a[31:0] 

00000000 

^ ^ fread_data_api:0] 

00000000 


P"?,, 1,,,, 

82 ns 1 

84 ns 1 

86 ns 1 

88 ns 1 

90 ns 1 

92ris 1 

94 ns 1 

96 ns 










1 

1 

1 

1 

1 

1 

1 

1 




















0 


t 1 ) 







ooooc 

000 ) 

[ 00010004 ) 


00000000 


[ OOOOfffa ) 

[ 0000 

)000 





ffffffff 
























0 


; 1 ; 



0 




00000000 


: 00010004 : 


00000000 


: OOOOfffa J 

[ OOC 





ffffffff 






243 

















































































































































































































Name I 

1 Value 1 

|128ns 1 

130 ns 1 

132 ns 1 

134 ns 1 

136 ns 1 

138 ns 1 

140 ns 1 

142 ns 1 

144 ns 

▼ Til' MEM/WB Register 
▼ ^ Inputs 

0 










elk 

1 

1 

1 

1 

1 

1 

1 

1 


memtoreg_a 

0 










regwrite_a 

0 










^ ^ wb_reg_addr_a[4:0 

0 

^ ) 

L 5 ) 

; 6 ) 

: 7 ) 

' 8 ) 

[ 7 ) 

; 8 ) 

' 7 ) 

; 

^ ^ alu_result_a[31:0] 

00000000 

t; ooooffff ) 

f ffffoooo 5 

; ooooffef ) 

: 00000006 ) 


0000 

)000 


; ooc 

^ ^ read_data_api;0] 

xxxxxxxx 





00000000 





T Outputs 

fmemtoreg_a 

0 










fregwrite_a 

0 










^ ij^ fwb_reg_addr_a[4:i 

0 

; 3 ) 

^ ) 

: 5 ) 

; 6 ) 

' 7 ) 

[ 8 ) 

[ 7 ) 

^ 8 ) 


^ ^ falu_result_a[31:0] 

00000000 

i; 00000050 ) 

; ooooffff ; 

ffffoooo ) 

: OOOOffaf ) 

[ 00000006 ) 


OOOOI 

)000 


fread_data_api:0] 

00000000 





00000000 




_ 


1 Name I 

1 Value 


144 ns 1 

146 ns 1 

148 ns 1 

150 ns 1 

152 ns 1 

154 ns 1 

156 ns 1 

158 ns 1 

160 ns 

▼ ll’ MEM/WB Register 

T ^ Inputs 

0 











elk 

1 

1 

1 

1 

1 

1 

1 

1 


H memtoreg_a 

0 









— 

regwrite_a 

0 










^ ^ wb_reg_addr_a[4:0 

0 

9 ) 

10 ) 

; 11 ) 

: 12 ^ 

; 13 ) 

[ 14 ) 

' 15 ) 

; 16 ) 


^ ^ alu_result_api:0] 

00000000 

0001004f ) 

( ffffooef ; 

000( 

fFfO ) 

; 00000001 ) 


00001 

)000 


^ ^ read_data_api;0] 

xxxxxxxx 




OOOOC 

000 




; ff 

T }ll’ Outputs 

H fmemtoreg.a 

0 










H fregwrite_a 

0 










► ^ fwb_reg_addr_a[4:i 

0 

( 7 ) 

9 ) 

: 10 1 

V 11 / 

; 12 ) 

[ 13 ) 

' 14 ) 

[ 15 ) 


^ falu_result_api:0] 

00000000 

00000000 ) 

; oooioo4f ; 

: ffffooef i 

; ooo( 

fffo ) 

; 00000001 ) 


00000000 


^ ^ fread_data_api:0] 

00000000 





00000000 




_ 


244 


























































































































































































1 Name | 

1 Value 1 

▼ Ifc’ MEM/WB Register 
▼ Inputs 


elk 

0 

14 memtoreg_a 

0 

regwrite_a 

0 

^ ^ wb_reg_addr_a[4:0 

0 

^ alu_result_api:0] 

00000000 

^ ^ read_data_api;0] 

xxxxxxxx 

T }ll’ Outputs 


H fmemtoreg_a 

0 

Ij^ fregwrite_a 

0 

► ^ fwb_reg_addr_a[4:t 

0 

^ ^ falu_resutt_api:0] 

00000000 

^ i|| fread_data_api:0] 

00000000 


Name | 

1 Value 1 

T MEM/WB Register 

▼ ^l' Inputs 


elk 

0 

memtoreg_a 

0 

regwrite_a 

0 

^ ijj wb_reg_addr_a[4:0 

0 

^ alu_result_api: 0 ] 

00000000 

^ read_data_api: 0 ] 

xxxxxxxx 

T Outputs 


H fmemtoreg_a 

0 

H fregwrite_a 

0 

► ^ fwb_reg_addr_a[4:i 

0 

^ ^ falu_result_api: 0 ] 

00000000 

^ ^ fread_data_api: 0 ] 

00000000 



194 ns 1 

196 ns 1 

198 ns 1 

200 ns 1 

202 ns 1 

204 ns 1 

206 ns 1 

208 ns 

|192ns 1 









1 

1 

1 

1 

1 

1 

1 

1 




















0 


; 1 ; 







0000 c 

000 ) 

; OOOlOOae ) 


00000000 


^ ooooffff ) 

; 0000 

)000 





ffffffff 
























0 


; 1 ; 



0 




00000000 


^ OOOlOOae ) 


00000000 


; ooooffff ; 

^ OOC 





ffffffff 





|208 ns 1 

1 1 1 1 1 1 1 1 1 

210 ns 1 

212 ns 1 

214 ns 1 

216 ns 1 

218 ns 1 

220 ns 1 

222 ns 1 

224 ns 










1 

^ 

1 

1 

1 

1 

1 

1 
























0 





ooooc 

000 ) 

0000aft:4 ) 

[ 000057e4 ) 

; 00000000 ) 

; 00000055 ) 

^ 0000 

)000 ) 

: 00 c 

fffff 

=ff ; 

; 00000055 5 



0000 

)000 




































0 






00000000 


; 0000afc4 ; 

; 000057e4 

00000000 ; 

: 00000055 ) 

0000 

)000 


ffffffff 


; 00000055 



00000000 




245 



















































































































































































































246 




























































































































































































1 Name | 

1 Value 1 

T MEM/WB Register 

▼ Inputs 


elk 

0 

memtoreg_a 

0 

regwrite.a 

0 

^ wb_reg_addr_a[4: 

0 

alu_result_a[31;0] 

00000000 

^ ^ read_data_a[31:0] 

xxxxxxxx 

▼ ]ll' Outputs 


fmemtoreg_a 

0 

fregwrite_a 

0 

► ^ fwb_reg_addr_a[4 

0 

^ ^ falu_resutt_a[31:0 

00000000 

^ i|J fread_data_a[31:0 

00000000 


|320 ns 1 

322 ns 1 

324 ns 1 

326 ns 1 

328 ns 1 

330 ns 1 

332 ns 1 

334 ns 1 









^ 

1 

1 

1 

1 

1 

1 

1 



















0 



' 18 ) 




ooooc 

000 


; 0000afc4 ) 

^ 000057e4 ) 

[ 00000000 ) 

; 00000055 


fffff 

ff 



0000 

)055 






















0 




; 18 / 

; 0 ) 



00000000 



: 0000afic4 ; 

: 000057e4 ] 

: 00000000 : 



fffflfFf 




00000055 



L. WB STAGE 


Name I 

1 Value 1 

0 ns 1 

. 

. 

6 ns 1 

8 ns 1 

10 ns 1 

12 ns 1 

14ns 1 

16 ns 

▼ Tl iWB Stage 
▼ ^ Inputs 

Iftsel.a 

0 










^ ^ inputl_api:0] 

00000000 


0000 

}000 


; 0000000a ) 

[ OOOOfffO ) 


00000000 


^ input2_a[31:0] 

00000000 

00000000 5 




xxxx 

000 ( 




T Outputs 

00000000 










^ data_out_a[31:0] 


0000 

)000 


; 0000000a ) 

f OOOOfffO J 


00000000 


Name || Value 

|16ns 1 

18 ns 1 

20 ns 1 

22tis 1 

24 ns 1 

26 ns 1 

28 ns 1 

30ris 1 

32ris 

▼ Il'iWB Stage 
▼ Inputs 

seLa 

0 

1 1 1 1 1 









^ inputl_a[31;0] 

00000000 

00000000 ) 

[ oooofffe 5 

J ffffOOOS ) 

^ oooofffe ) 

; 00000006 ) 


OOOOi 

)000 


^ input2 a|31:0] 

00000000 





xxxxxxxx 





▼ ^j’ Outputs 

00000000 










^ ijH data_out_a[31:0] 

00000000 ) 

; oooofffe ) 

f ffffOOOS ) 

^ oooofffe ) 

; 00000006 ; 


OOOOi 

>000 

_ 


247 
































































































































































































Name 

Value 1 

. 

34 ns 1 

36 ns 1 

38 ns 1 

40 ns 1 

42 ns 1 

44 ns 1 

46 ns 1 

48 ns 

▼ ^flWB Stage 
▼ ^ Inputs 
sel.a 

0 










^ ^ inputl_a[31:0] 

00000000 

00000000 ) 

; oooofffe ) 

; ffffOOla ) 

: 000 c 

fffo 5 

: 00000001 ) 


00000000 


^ input2_a[31:0] 

00000000 





xxxxxxxx 





T Outputs 

00000000 










^ iig data_out_a[31:0] 

00000000 ) 

; oooofffe ;; 

fFffOOla ) 

; 000 c 

m 5 

; 00000001 ) 


00000000 


▼ ^|WB Stage 
▼ ^ Inputs 
sel.a 


1^?. 

50 ns 1 

52 ns 1 

54 ns 1 

56 ns 1 

58 ns 1 

60 ns 1 

62 ns 1 

64 ns 










^ llj inputl_a[31:0] 

00000000 

0000 c 

000 ) 

: 00000004 ) 


0000 

)000 


: OOOOfffe ) 

; 00 c 

^ ^ input2_api:0] 

00000000 

xxxxxxxx ) 




ffff 

fff 




T Outputs 

00000000 










^ ^ data_out_a[31:0] 

00000000 ) 

; (TffffTf 3 

: 00000004 ) 


0000 

)000 


OOOOfffe J 

; 00 c 

T ^'iWB Stage 
▼ ]ll' Inputs 

14 sel.a 


. 

66 ns 1 

68 ns 1 

70ns 1 

72 ns 1 

74 ns 1 

, 

78 ns 1 

80 ns 

1 









► inputl.apirO] 

00000000 

1 :; 

00000000 


: ffffffff ) 


00000000 


[ fffrooo5 ) 

; 00c 

!► ^ input2 aPl:01 

00000000 





ffffffff 





▼ ]1|' Outputs 

00000000 










^ ^ data.out.apiiO] 

1 ; 

00000000 


; ffffffff ) 


00000000 


^ ffff0005 

; 00c 

▼ }l'iWB Stage 
▼ Inputs 

sel.a 


. 

82ns 

84 ns 1 

86 ns 1 

88ns 

90 ns 1 

. 

94 ns 1 

96 ns 

1 









^ ^ inputl.api:0] 

00000000 

t;: 

00000000 


: 00010004 ) 


00000000 

) 

( OOOOfffa ) 

; 00 c 

^ ^ input2.api:0] 

00000000 





ffffffff 





T ^ Outputs 

00000000 










^ HU data.out.api;0] 

>; 

00000000 


: 00010004 ) 


00000000 

) 

( OOOOfffa ) 

; 00 c 

T ]liiWB Stage 
▼ ^ Inputs 


. 

98 ns 1 

100 ns 1 

102 ns 1 

104 ns 1 

106 ns 1 

. 

110 ns 1 

112 ns 

1 









sel.a 



^ ^ inputl.api:0] 

00000000 


00000000 


0000afc4 ) 

J 000057e4 J 

[ 00000000 ) 

; 00000055 ) 

J OOOOi 

WOO 

^ input2.api:0] 

00000000 


ffffffff 


; 00000055 ) 



00000000 



▼ Outputs 

00000000 










^ ^ data.out.api:0] 

( 

00000000 


: 00000055 ) 

^ 0000 

DOOO ) 

: 00000055 ) 

^ 00001 

WOO 

Name 


ppt"?. 

114 ns 1 

116 ns 1 

118 ns 1 

120 ns 1 

122ns 1 

124 ns 1 

126 ns 1 

128 ns 

▼ ^|WB Stage 
▼ Inputs 

sel.a 

1 ■ 









^ ijj inputl.api;0] 

00000000 ) 

; 00000055 ) 

: 0000 

)000 ) 

; oooooo5f ; 

^ OOOOfffO ) 

; 0000 

)ooo ; 

; 00 c 

^ ^ input2 api:0] 

00000000 

00000000 





00000000 





▼ Outputs 










^ data.out.apirO] 

00000000 ) 

; 00000055 ) 

J 0000 

)000 ) 

; 0060005 ? ) 

( OOOOfffO ) 

; 0000 

WOO ) 

; 00 c 


Name I 

1 Value 1 

|128ns 1 

IX ns , 

132 ns 

134 ns 1 

IX ns , , 

IX ns 

140 ns 1 

142 ns , 

144 ns 

▼ ]^i'|WB Stage 

T ^ Inputs 
sel.a 

0 










1^ ^ inputl.apiW] 

00000000 

t; 00000050 ; 

: ooooffff j 

: ffffoooo j 

[ OOOOffaf ) 

: 00000006 ) 


OOOOI 

WOO 


^ i|| input2.api:0] 

00000000 





00000000 





▼ Outputs 

00000000 










^ 1)0 data.out.apiW] 

< 00000050 ) 

( ooooffff i 

; ffffoooo ^ 

( OOOOffaf ) 

: 00000006 ^ 


OOOOI 

WOO 

_ 


Name I 

1 Value 1 

|144ns 1 

146 ns 1 

148 ns 1 

150 ns 1 

152 ns 1 

154 ns 1 

IX ns 1 

IX ns 1 

160 ns 

▼ ^ iWB Stage 
▼ ^j' Inputs 

1| sel.a 

0 

1. 









^ inputl.apiiO] 

00000000 

00000000 ; 

J 0001004f ) 

; ffff006f ) 

: 000( 

fffO ) 

[ 00000001 ) 


00000000 


i|j input2.api:0] 

00000000 





00000000 





T Outputs 

00000000 










^ data.out.apirO] 

00000000 ; 

^ 0001004f ) 

: ffffD06f ] 

; 000( 

ffft 5 

; 00000001 3 


00000000 

_ 


248 




























































































































































Name 

Value 

1160 ns 1 

162 ns 1 

164 ns 1 

166 ns 1 

168 ns 1 

170 ns 1 

172 ns 1 

174 ns 1 

176 ns 

▼ ^(iWB Stage 

T ^ Inputs 
sel.a 

0 










^ ^ inputl_a[31:0] 

00000000 

ooooc 

000 

( 00000004 ) 


0000 

1000 


J 0001004f J 

; OOC 

^ input2_a[31:0] 

00000000 

00000000 ) 




ffff 

fff 




T Outputs 

00000000 










^ data_out_a[31:0] 

00000000 ; 

[ ffffffff ) 

; 00000004 ) 


0000 

)000 


i 0001004f J 

; OOC 

Name I 

Value 1 

176 ns 1 

178 ns 1 

180 ns 1 

182 ns 1 

184 ns 1 

186 ns 1 

188 ns 1 

190 ns 1 

192 ns 

▼ iWB Stage 

▼ )ll' Inputs 
sel.a 

0 










► ^ inputl.apirO] 

00000000 


00000000 


[ ffffffff ] 


00000000 


: ffffOOOO 5 

; OOC 

^ ^ input2 apirO] 

00000000 





ffffffff 





▼ )li' Outputs 

00000000 










^ 1^ data_out_api:0] 


00000000 


; ffffffff 5 


00000000 


[ ffffOOOO ) 

; OOC 

Name 11 Value 

1192 ns 1 

194 ns 1 

196 ns 1 

198 ns 1 

200 ns 1 

202 ns 1 

204 ns 1 

206 ns 1 

208 ns 

▼ ^|WB Stage 

T ^ Inputs 
sel.a 

0 










^ inputl.apirO] 

00000000 

( 

00000000 


^ OOOlOOae ] 


00000000 


J ooooffff ) 

^ OOC 

^ ^ input2 api:0] 

00000000 





ffffffff 





W ]li* Outputs 

00000000 










^ data.out.apirO] 


00000000 


^ OOOlOOae ) 


00000000 


i ooooffff ) 

; OOC 



208 ns 1 

210 ns 1 

212 ns 1 

214 ns 1 

216 ns 1 

218 ns 1 

220 ns 1 

222 ns 1 

224 ns 

Name 

1 Value 

T WB Stage 

▼ ]ll' Inputs 

0 










'% sel.a 



^ inputl.apirO] 

00000000 


00000000 


uGOUai^Cn j 

fc GuGu57c4 ) 

; 00000000 ) 

^ 00000055 ] 

[ OOOOI 

WOO 

^ ^ input2 aPlrO] 

00000000 


ffffffff 


[ 00000055 ) 



00000000 



▼ ^j" Outputs 

00000000 










^ i|]| data.out.apirO] 


00000000 


: 00000055 ) 

' 0000 

)000 ) 

^ 00000055 ] 

[ OOOOI 

WOO 



|224ns 1 

226 ns 1 

228 ns 1 

230 ns 1 

232 ns 1 

234 ns 1 

236 ns 1 

238 ns 1 

240 ns 

Name 

Value 

T Tl iWB Stage 
▼ ^ Inputs 
sel.a 

0 










^ ^ inputl.apirO] 

00000000 

00000000 ) 

[ 00000055 ) 

; 0000 

)000 ) 

^ 0000005f ) 

; OOOOfffO ) 

; 0000 

)000 ) 

; OOC 

input2.apir0] 

00000000 





00000000 





T Outputs 

00000000 










^ data.out.apirO] 

00000000 ; 

^ 00000055 ) 

; 0000 

)000 ) 

^ 0000005f ) 

; OOOOfffO ) 

; 0000 

WOO ) 

; OOC 

Name 

1 Value 1 

240 ns 1 

242 ns 1 

244ns 1 

246 ns 1 

248 ns 1 

250 ns , 

252 ns , 

254 ns 1 

2 K ns 

▼ ^KIwb Stage 
▼ ]ll' Inputs 
sel.a 

0 










^ ^ inputl.apirO] 

00000000 

00000050 ) 

: ooooffff ) 

: ffffOOOO ) 

[ OOOOffef ) 

[ 00000006 ) 


OOOOi 

>000 


^ ^ input2 aPlrOI 

00000000 





00000000 





▼ Outputs 

00000000 










^ ^ data.out.apirO] 

00000050 ) 

: ooooffff ) 

^ ffffOOOO ) 

: OOOOffef ) 

[ 00000006 ] 


OOOOi 

)000 


Name 

1 Value 

256 ns 1 

258 ns 1 

260 ns 1 

262 ns 1 

264 ns 1 

266 ns 1 

268 ns 1 

270 ns 1 

272 ns 

▼ )Ki wastage 
▼ 4 Inputs 
l|i sel.a 

0 










^ ^ inputl.apirO] 

00000000 

00000000 ) 

; 0001004f ) 

[ ffff006f ) 

^ OOOC 

fffO ) 

; 00000001 ) 


00000000 


1^ ^ input2 apirO] 

00000000 





00000000 





▼ Outputs 

00000000 










^ ^ data.out.apirO] 

00000000 ) 

i 0001004f ) 

; ffffD06f ) 

: OOOC 

m ) 

: 00000001 ) 


00000000 


Name || Value 

|2^ns , 

274 ns 1 

ZK ns , 

2 TO ns 1 

280 ns 

282 ns 

284 ns 1 

286 ns , 

2 ^ ns 

T ^ WB Stage 
▼ Inputs 

sel.a 

0 










^ inputl.apirO] 

00000000 

ooooc 

GOG ) 

; 00000004 ) 


0000 

1000 


J 0001004f ) 

; OOC 

^ ^ input2 apirO] 

00000000 

00000000 ) 




ffff 

fff 




▼ ^j’ Outputs 

00000000 










^ i|^ data.out.apirO] 

00000000 ) 

: ffffffff ) 

( 00000004 


0000 

1000 


; 0001004f ) 

; OOC 


249 





































































































































































Name I 

1 Value 1 

|288 ns 1 

290 ns 1 

292 ns 1 

294 ns 1 

296 ns 1 

298 ns 1 

300 ns 1 

302 ns 1 

304 ns 

▼ ^flWB Stage 
▼ ^ Inputs 
sel.a 

0 

1 . 









^ ^ inputl_a[31:0] 

00000000 

t:' 

00000000 


: ffflfFff ) 


00000000 


( ffffOOOO 

; ooc 

^ input2_a[31:0] 

00000000 





ffffffff 





T Outputs 

00000000 










^ data_out_a[31:0] 


00000000 


; ffffffff ) 


00000000 


; ffffOOOO ) 

; ooc 

Name 11 Value 

304 ns 1 

306 ns 1 

308 ns 1 

310 ns 1 

312 ns 1 

314 ns 1 

316 ns 1 

318 ns 1 

320 ns 

▼ IK |WB Stage 
▼ Kl Inputs 
sel_a 

0 










^ ^ inputl_a^l: 0 ] 

00000000 


00000000 


[ OOOlOOae ) 


00000000 


[ OOOOffff ) 

^ OOC 

^ i|[f input2 a[31:0] 

00000000 





ffffffff 





▼ ^|‘ Outputs 

00000000 










^ ^ data_out_a|31:0] 


00000000 


[ OOOlOOae 5 


00000000 


[ OOOOffff ) 

^ OOC 


Name I 

1 Value 1 

320 ns 1 

3^ns 1 

324ns 1 

326 ns 1 

3^ ns 1 

330 ns 1 

332ns 1 

3Mns 1 

▼ Ifc' WB Stage 
▼ Si' Inputs 

0 









sel.a 



^ jnputl_a[31:0] 

00000000 



00000000 



: 0000aft:4 ) 

[ 000057e4 ) 

; 00000000 ) 

^ ^ jnput2_a[31:0] 

00000000 

1 


ffffffff 




00000055 


▼ K' Outputs 










^ data.out.apirO] 

00000000 

|: 


00000000 



: 0000 

)055 

00000000 ; 


M. UART 


Name I 

1 Value 


0 ns 1 

. 

. 

6 ns 1 

8 ns 1 

10 ns 1 

12 ns 1 

14 ns 1 

16 ns 

▼ UART 

reset 

1 










▼ )K Transmit 

H Id.tx.data.a 

0 









14 tx.clk 

0 


1 

1 

1 

1 

1 

1 

1 


^ KS tx_data_a[7:0] 

xxxxxxxx 





xxxxxxxx 





tx empty a 

1 










H tx.enable.a 

0 











H tx.out 
▼ TK Receive 

1 










rx.clk 

0 

1 

1 

1 

1 

1 

1 

1 


nt.enable.a 

0 










14 rx.in 

0 










14 uid.ra.data.a 

0 










► ^ n(_data_a[7:0] 

00000000 





00000000 





14 nr.empty.a 

14 n(_irq_a 

1 

0 











1 Name | 

1 Value 


16 ns 

1 1 1 1 1 1 1 1 1 

18 ns 1 

20 ns . 

1 1 1 1 1 1 1 1 1 

22 ns 

1 1 1 1 1 1 1 1 1 

24 ns 1 

26 ns 

1 1 1 1 1 1 1 1 I 

28 ns 

1 1 1 1 1 1 1 1 1 

30 ns 

1 1 1 1 1 1 1 1 1 

32ns 

▼ K UART 












14 reset 

1 











T Ki Transmit 












14 Id.tx.data.a 

0 











14 

0 


1 

1 

1 

1 

1 

1 

1 

1 


^ ^ tx.data.a[7:0] 

xxxxxxxx 






xxxxxxxx 





14 tx.empty.a 

1 











14 tx.enable.a 

0 











14 tx.out 

1 











▼ iK" Receive 












14 rx.clk 

0 


1 

1 

1 

1 

1 

1 

1 

1 


14 nc.enable.a 

0 











14 nr.in 

0 











14 uid.nc.data.a 

0 











► ^ n(.data.a[7:0] 

00000000 






00000000 





14 nc.empty.a 

1 











14 n(.irq.a 

0 










_ 


250 


















































































































































































Name 

Value 


32 ns 1 

34ns 1 

36 ns 1 

38 ns 1 

40 ns 1 

42ns 1 

44 ns 1 

46 ns 1 

48 ns 

▼ )li UART 

reset 

1 










▼ Transmit 

H ld_tK_data_a 

0 










14 tx_clk 

0 

1 

1 

1 

1 

1 

1 

1 

1 


^ 11^ tx_data_a[7:0] 

xxxxxxxx 





XXXXXXXX 





tx empty a 

1 










tx_enable_a 

0 











H tx_out 

1 










▼ ]li' Receive 

0 











rx.clk 

1 

1 

1 

1 

1 

1 

1 

1 


H rx_enable_a 

0 










rx in 

0 










H uld_n(_data_a 

0 










► *li nc_data_a[7:0] 

00000000 





00000000 





IQl nr empty a 

1 










^ ™_irq_a 

0 











Name 11 Value 


48ns 1 

SOris 

52ris 

54ns 1 

56 ns 1 

58ris 1 

60ns 1 

62ris 

64 ns 

▼ 1* UART 

reset 

1 










T ^j' Transmit 

H ld_tx_data_a 

0 










1ft tx_clk 

0 

1 

1 

1 

1 

1 

1 

1 

1 


^ ^ tx_data.a[7:0] 

xxxxxxxx 





XXXXXXXX 





1ft tx_empty_a 

1 










1ft tx_enable_a 

0 











1ft tx_out 

1 










T Receive 

0 











1ft rx_clk 

1 

1 

1 

1 

1 

1 

1 

1 


1ft n(_enable_a 

0 










1ft rx.in 

0 










1ft uld_n(_data_a 

0 











► ^ n(_data_a[7:0] 

00000000 





00000000 





1ft n(_empty_a 

1 










1ft 

0 











Name 11 Value 


64ns 1 

66 ns 1 

68 ns 1 

70ns 1 

72 ns 1 

74 ns 1 

76ns 1 

78 ns 1 

80 ns 

▼ 111’ UART 

1ft reset 

1 










T ]li' Transmit 

1ft ld_tx_data_a 

0 










1ft tx_clk 

0 

1 

1 

1 

1 

1 

1 

1 

1 


^ ^ tx_data_a[7:0] 

xxxxxxxx 





XXXXXXXX 





1ft tx_empty_a 

1 










1ft tx_enable_a 

0 











1ft tx_out 

1 










▼ ]li' Receive 

0 











1ft rx_clk 

1 

1 

1 

1 

1 

1 

1 

1 


1ft n(_enable_a 

0 










1ft rx.in 

0 










1ft uid.rx.data.a 

0 









► ^ rx_data_a[7:0] 

00000000 





00000000 





1ft nr.empty.a 

1 










1ft rx_irq_a 

0 










_ 


Name | 

1 Value 1 

▼ 111” UART 


1ft reset 

1 

T ]li’ Transmit 


1ft Id.tx.data.a 

0 

1ft tx.clk 

0 

^ tx_data_a[7:0] 

xxxxxxxx 

1ft tx.empty.a 

1 

1ft tx.enable.a 

0 

1ft tx.out 

1 

▼ Receive 


1ft rx.clk 

0 

1ft nc.enable.a 

0 

1ft rx.in 

0 

1ft uld.nr.data.a 

0 

^ ^ n(.data.a[7:0] 

00000000 

1ft nr.empty.a 

1 

1ft nr.ircLa 

0 


I 80ns 


251 












































































































































































































































Name 

Value 


96 ns 1 

98 ns 1 

100 ns 1 

102 ns 1 

104 ns 1 

106 ns 1 

108 ns 1 

110 ns 1 

112 ns 

▼ % UART 

reset 

1 










T Transmit 

0 










H ld_tx_data_a 


14 tx_clk 

0 

1 

1 

-1 

1 

1 

1 

1 

1 

— 

^ ^ tx_data_a[7:0] 

xxxxxxxx 

xxxx> 

XXX ^ 




01010101 




tx_empty_a 

1 










tx_enable_a 

0 










tx out 

1 









— 

▼ )li' Receive 

0 










rx_clk 

1 

1 

1 

1 

1 

1 

1 

1 


n(_enable_a 

0 










1 ft rx.in 

0 










1 ft uld_rx_data_a 

0 










^ ^ n(_data_a[7:0] 

00000000 





00000000 





1 ft nt_empty_a 

1 










1 ft rx_irq_a 

0 











Name 11 Value 

ll 

pp.-? . 1 

114 ns 1 

|116ns 1 

. 1 

120 ns 1 

. 

. 1 

126 ns 1 

|l^ns 


▼ UART 


14 reset 1 

T Transmit 

H ld_tx_data_a 0 

14 tx_clk 0 

^ ijf ti(_data_a[7:0] XXXXXXXX 

H tx_empty_a 1 

14 tx_enable_a 0 

H tx_out 1 

▼ ]1|‘ Receive 

14 rx_clk 0 

n(_enable_a 0 

H rxjn 0 

H uld_n(_data_a 0 

^ rx data a[7:0] 00000000 

n(_empty_a I 1 
rx_irq_a 0 



1 Name I 

1 Value 


144 ns 1 

146 ns 1 

148 ns 1 

150 ns 1 

152 ns 1 

154 ns 1 

156 ns 1 

158 ns 1 

160 ns 

▼ Ifc’ UART 

1ft reset 

1 










T )li’ Transmit 

1ft ld_tx_data_a 

0 










1ft tx.clk 

0 

1 

1 

1 

1 

1 

1 

1 

1 


^ ^ tx_data_a[7:0] 

xxxxxxxx 





01010101 





1ft tx_empty_a 

1 










1ft tx_enable_a 

0 











1ft tx_out 

1 










▼ ]li’ Receive 

0 











1ft rx.clk 

1 

1 

1 

1 

1 

1 

1 

1 


1ft n(_enable_a 

0 










1ft tx.in 

0 











1ft uld_rx_data_a 

0 










^ ^ n(_data_a[7:0] 

00000000 





00000000 





1ft n(_empty_a 

1 










1ft rx_irq_a 

0 










_ 


252 



























































































































































































































































1 Name | 

1 Value 


160 ns 1 

162 ns 1 

164 ns 1 

166 ns . 

1 1 1 1 1 1 1 1 1 

168 ns 1 

170 ns 1 

l^ ns 

174 ns 1 

176 ns 

▼ UART 

reset 

1 










▼ ^i’ Transmit 

H ld_tx_data_a 

0 










tx_clk 

0 

1 

1 

1 

1 

1 

1 

1 

1 


P- ^ tx_data_a[7:0] 

xxxxxxxx 





01010101 





H tx_empty_a 

1 










l|l tx_enable_a 

0 











H tx.out 

1 










▼ ]1|' Receive 

0 











14 rx.clk 

1 

1 

1 

1 

1 

1 

1 

1 


14 n(_enable_a 

0 










14 rxjn 

0 










14 uld_n(_data_a 

0 










► *18 n(_data_a[7:0] 

00000000 





00000000 





14 n(_empty_a 

1 










14 n(_irq_a 

0 










_ 


Name I 

1 Value 


176 ns 1 

178 ns 1 

180 ns 1 

182 ns 1 

184 ns 1 

186 ns 1 

188 ns 1 

190 ns 1 

192 ns 

▼ m UART 

14 reset 

1 










T ]li' Transmit 

14 ld_tx_data_a 

0 










14 tx_clk 

0 

1 

1 

1 

1 

1 

1 

1 

1 


P > tx_data_a[7:0] 

xxxxxxxx 





01010101 





14 tx_empty_a 

1 










14 tx_enable_a 

0 











14 tK_OUt 

1 










▼ ]li' Receive 

0 











14 rx_clk 

1 

1 

1 

1 

1 

1 

1 

1 


14 n(_enable_a 

0 










14 rxJn 

0 










14 uld_rx_data_a 

0 











► ^ rx_data_a[7:0] 

00000000 





00000000 





14 rx_empty_a 

1 










14 rx_irq_a 

0 










_ 


1 Name I 

1 Value 


192 ns 1 

194 ns 1 

196 ns 1 

198 ns 1 

200 ns 1 

202 ns 1 

204 ns 1 

206 ns 1 

208 ns 

▼ ll' UART 

14 reset 

1 










T Transmit 

14 ld_tx_data_a 

0 










14 tx.clk 

0 

1 

1 

1 

1 

1 

1 

1 

1 


^ tx_data_a[7:0] 

xxxxxxxx 





01010101 





14 tx_empty_a 

1 










14 tx_enable_a 

0 











14 tx_out 

1 










▼ ]li' Receive 

0 











14 n(_clk 

1 

1 

1 

1 

1 

1 

1 

1 


14 n(_enable_a 

0 










14 rxjn 

0 










14 uld_rx_data_a 

0 









^ *18 n(_data_a[7:0] 

00000000 





00000000 





14 rx_empty_a 

1 










14 rx_irq_a 

0 










_ 


1 Name I 

1 Value 


208 ns 1 

210 ns 1 

212 ns 1 

214 ns 1 

216 ns 1 

218 ns 1 

220 ns 1 

222ns 1 

224 ns 

▼ Ifc' UART 

14 reset 

1 










T ]li’ Transmit 

14 ld_tx_data_a 

0 










14 tx.clk 

0 

1 

1 

-1 

1 

1 

1 

1 

1 


^ ^ tx_data_a[7:0] 

xxxxxxxx 





01010101 





14 tx_empty_a 

1 










14 tx_enable_a 

0 










14 tx out 

1 









— 

▼ ]li’ Receive 

0 










14 rx-clk 

1 

1 

1 

1 

1 

1 

1 

1 


14 n(_enable_a 

0 










14 rxjn 

0 











14 uld_rx_data_a 

0 










^ ^ n(_data_a[7:0] 

00000000 





00000000 





14 n(_empty_a 

1 










14 rx_irq_a 

0 










_ 


253 





















































































































































































































































Name I 

1 Value 


224 ns 1 

226 ns 1 

228 ns 1 

230 ns 1 

232 ns 1 

234 ns 1 

236 ns 1 

238 ns 1 

240 ns 

▼ UART 

reset 

1 










▼ ^i' Transmit 

H ld_tx_data_a 

0 










l|l tx.clk 

0 

1 

1 

1 

1 

1 

1 

1 

1 


!». Ilf tx_data_a[ 7 : 0 ] 

xxxxxxxx 





01010101 





l|l tx_empty_a 

1 










H tx_enable_a 

0 










tx_out 

1 










▼ Til" Receive 

0 










14 nc.clk 

1 

1 

1 

1 

1 

1 

1 

1 


14 n(_enable_a 

0 










Ift rxjn 

0 










H uld_rx_data_a 

0 










^ ^ n(_data_a[ 7 : 0 ] 

00000000 





00000000 





H n(_empty_a 

1 










™_irq_a 

0 










_ 


Name I 

1 Value 


240 ns 1 

242 ns 1 

244 ns 1 

246 ns 1 

248 ns 1 

250 ns 1 

252 ns 1 

254 ns 1 

256 ns 

▼ UART 

reset 

1 










▼ Transmit 

H ld_tx_data_a 

0 










1|| tx_clk 

0 

1 

1 

1 

1 

1 

1 

1 

1 


^ i|f tx_data_a[ 7 : 0 ] 

xxxxxxxx 





01010101 





tx empty a 

1 










tx_enable_a 

0 











tx_out 

1 










T Receive 

0 











14 rx.clk 

1 

1 

1 

1 

1 

1 

1 

1 


rx_enable_a 

0 










1 || rxJn 

0 










H uld_n(_data_a 

0 











► ^ n(_data_a[ 7 : 0 ] 

00000000 





00000000 





H n(_empty_a 

1 










H rx_irq_a 

0 












Name | 

1 Value 


256 ns 

I 1 1 1 1 1 1 1 1 

2K ns , 

260 ns 

262 ns 

264 ns 

1 1 1 1 1 1 1 1 1 

266 ns 

1 1 1 1 1 1 1 1 1 

268 ns 

1 1 1 1 1 1 1 1 1 

270 ns 

1 1 1 1 1 1 1 1 1 

2^ns 

▼ UART 

reset 

1 










▼ ^i' Transmit 

H ld_tx_data_a 

0 










14 tx_clk 

0 

1 

1 

. 1 

1 

1 

1 

■ ■ 1 

1 


^ tx_data_a[ 7 : 0 ] 

xxxxxxxx 





01010101 





tx_empty_a 

1 










H tx_enable_a 

0 











H tx_out 

1 










T ]li' Receive 

0 











1|| nt.clk 

1 

1 

1 

1 

1 

1 

1 

1 


H nc_enable_a 

0 










1ft rxjn 

0 










1ft uld_rx_data_a 

0 









► ^ n(_data_a[ 7 : 0 ] 

00000000 





00000000 





1ft ra_empty_a 

1 










1ft ™_irq_a 

0 










_ 


Name I 

1 Value 


in rs 

274 ns , 

276 ns 

1 1 1 1 1 1 1 1 1 

278 ns 

280 ns 

1 1 1 1 1 1 1 1 1 

282 ns 

1 1 1 1 1 1 1 1 1 

284 ns 

1 1 1 1 1 1 1 1 1 

286 ns 

1 1 1 1 1 1 1 1 1 

2^ns 

▼ 111 UART 

1ft reset 

1 










▼ 1" Transmit 

1ft ld_tx_data_a 

0 










1ft tx.clk 

0 

1 

1 

1. 

1 

1. 

1. 

1, 

1, 


^ H tx_data_a[ 7 : 0 ] 

xxxxxxxx 





01010101 





1ft tx_empty_a 

1 










1ft tx_enable_a 

0 











1ft tx_out 

1 










▼ 1’ Receive 

0 











1ft rx.clk 

1 

1 

1 

1 

1 

1 

1 

1 


1ft n(_enable_a 

0 










1ft rxjn 

0 











1ft uld_n(_data_a 

0 










► ij| rx.data_a[ 7 : 0 ] 

00000000 





00000000 





1ft n(_empty_a 

1 










1ft rx_irq_a 

0 










_ 
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Name 

1 Value 


288 ns 1 

290 ns 1 

292 ns 1 

294 ns 1 

296 ns 1 

298 ns 1 

300 ns 1 

302 ns 1 

304 ns 

▼ )li UART 

reset 

1 










▼ Transmit 

H ld_tK_data_a 

0 










14 tx_clk 

0 

1 

1 

1 

1 

1 

1 

1 

1 


^ 11 ^ tx_data_a[ 7 : 0 ] 

xxxxxxxx 





01010101 





tx empty a 

1 










tx_enable_a 

0 











H tx_out 
▼ ]li' Receive 

1 










rx.clk 

0 

1 

1 

1 

1 

1 

1 

1 

1 


H rx_enable_a 

0 










rx in 

0 









H uld_n(_data_a 

0 










► *li nc_data_a[ 7 : 0 ] 

00000000 





00000000 





IQl nr empty a 

1 










^ ™_irq_a 

0 











Name 

1 Value 


304 ns 1 

306 ns 1 

308 ns 1 

310 ns 1 

312 ns 1 

314 ns 1 

316 ns 1 

318 ns 1 

320 ns 

▼ w UART 

reset 

1 










T Til’ Transmit 

H ld_tx_data_a 

0 










Ift tx.clk 

0 

1 

1 

1 

1 

1 

1 

1 

1 


1 ^ tx_data_a[ 7 : 0 ] 

xxxxxxxx 





01010101 





H tx_empty_a 
tx_enable_a 

1 

0 










tx_out 

1 










▼ ]li' Receive 

0 











1ft rx.clk 

1 

1 

1 

1 

1 

1 

1 

1 


1ft n(_enable_a 

0 










1ft rxjn 

0 










1ft uld_rx_data_a 

0 


► ^ n(_data_a[ 7 : 0 ] 

00000000 


ooooc 

000 

) 



01010101 



1ft n(_empty_a 

1 










1ft 

0 


Name || 

Value 




|320 ns 1 


. 


. 


|326 ns 1 

J 

328 ns 1 

330 ns 1 

332 ns 1 

334 ns 1 

336 ns 

T Ifc' UART 

1ft reset 

1 












▼ Tft Transmit 










1ft ld_tx_data_a 

0 




1ft tx.clk 

0 

1 

1 

1 

1 

1 

1 

1 

1 

^ ^ tx_data_a[ 7 : 0 ] 

xxxxxxxx 




0101 C 

101 




1ft tx_empty_a 

1 






" 



1ft tx_enable_a 

0 










1ft tx_out 

1 






" 



▼ Receive 



I 




1 







1ft rx.clk 

0 


1 

1 

1 

1 

1 

1 

1 

1 

1ft rx_enable_a 

0 










1ft rxJn 

0 









1ft uld_n(_data_a 

0 












^ ^ nc_data_a[ 7 : 0 ] 

00000000 




0101c 

101 




1ft rx empty a 

1 









1ft rx_ircLa 

0 
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N. TEST BENCH 


'timescale Ins / Ips 

module payload_proce33or_3ystem_payload_proce33or_3y3tem_3ch_tb[) 

// Input3 

reg p_cllc; 
reg reset; 
reg tx_cl]!:; 
reg rx_cll!:; 
reg rx_in; 
reg rx_enable_a; 
reg rx_enable_b; 
reg rx_eriable_c; 

// Output 

wire tx_out; 
wire rx_emp t v_a; 
wire rx_emp t y_b; 
wire rx_empty_c; 

// Bidirs 

// Instantiate the UDT 

payIoad_proce33or_3y3tem UDT ( 

.p_cl]c (p_clk:) ^ 

.reset(reset)^ 

. tx_clk: (tx_clk:) ^ 

. rx_clk: [rx_clk:) ^ 

. rx_in (rx_in) ^ 

.tx_out(tx_out)^ 

.rx_enable_a(rx_enable_a}^ 

.rx_enable_b(rx_enable_b)^ 

.rx_enable_c(rx_enable_c)^ 

. rx_empty_a (rx_eiiipty_a} ^ 

.rx_empty_b(rx_empty_b)^ 

.rx_empty_c(rx_empty_c) 

// Initialize Inputs 
initial 
begin 

#0 p_clk: = 0; 

reset = 0; 
tx_clk: = 0; 
rx_clk: = 0; 
rx_in = 0; 
rx_enable_a = 0; 
rx_enable_b = 0; 
rx_enable_c = 0; 
reset = 1; 

#2 rx_in = 0; 

rx_enable_a = 1; 
rx_enable_b = 1; 
rx_enable_c = 1; 
reset = 0; 

#32 rx_in = 1; 

#32 rx_in = 0; 

#32 rx_in = 1; 

#32 rx_in = 0; 

#32 rx_in = 1; 

(continued on next page) 
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#32 


0 


rx_iii = 

#32 rx_in = 1; 
#32 rx_in = 0; 
#32 rx_in = 1; 

end 

initial 

begin 

#2 p cllc = 1; 
tx_clli: = 1; 
rx_clli: = 1; 
forever 
begin 

#1 p_clk: = 
tx_clk: = 
rx_clk: = 

end 

end 

initial 

#336 $3top; 

endraodnle 


~p_cl]c; 
~tx_cl]c; 
~rx elk; 
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APPENDIX C. PAYLOAD PROCESSOR INSTRUCTION SET 


Add 

add rd, rs, rt 

0 

rs 

rt 

rd 

0 

32 

Add rs to rt and place the result in rd 


Subtract 

sub^rd^rs, rt 

0 

1 

1 ^ 

1 

0 

34 

Subtract rt from rs and place result in rd 


AND 

and rd, rs, rt 

0 

rs 

rt 

rd 

0 

36 

Logical AND of rs and rt, place the result in rd 


OR 

or rd, rs, rt 

0 

rs 

rt 

rd 

0 

37 

Logical OR of rs and rt, place the result in rd 


NOR 

norrd,rs, rt 

0 

1 

1 ^ 

1 

0 

39 

Logical NOR of rs and rt, place the result in rd 


XOR 

Hor rd, rs,. rt 

0 

rs 

rt 

rd 

0 

3S 

Logical XOR of rs and rt, place the result in rd 


Shift Left Logical' 

sll rd, rs, rt 

0 

1 

1 ^ 

1 

1 shamt 

0 

Shift rs left by the number of bits expressed in shamt, place the result in rd. 


Shift Right 

srI rd, rs, rt 

0 

\ 

1 ^ 

1 

1 shamt 

2 

Logical 

Shift rs right by the number of bits expressed in shamt, place the result in rd. 


Shift Left Logical' 

sllv rd, rs, rt 

0 

rs 

rt 

rd 

0 

4 

Var. 

Shift rs left by the number of bits expressed in rt, place the result in rd. 


Shift Right 

sriv rd, rs, rt 

0 

1 

1 ^ 

1 

0 

6 

Logical Var. 

Shift rs right by the number of bits expressed in rt, place the result in rd. 


Set on Less than 


sit rd, rs, rt 


rd 


42 


Set register rd to 1 if rs is fess than rt^ 0 if rs is greater than or equal to rt 


Set on Less than 

Imm. 

siti rt, rs, imm 

10 

rs 

rt 

imm 

Set register rt to 1 if rs is less than imm, 0 if rs is greater than or equal to imm 


AND Immediate 

andi rt, rs, imm | 12 | rs | rt | imm 

Logical AND of rs and zero-extended immediate, place result in rt 


OR Immediate 

ori rt, rs, imm 

13 

rs 

rt 

imm 

Logical OR of rs and zero-extended immediate, place result in rt 


Add Immediate 

addi rt, rs, imm 

S 

rs 

rt 

imm 

Add rs to imm and place the result in rt 


Branch on Equal 

beq rs, rt, offset | 4 | rs | rt | offset 

Branch the number of instructions specified by offset if rs equals rt 
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Branch on Not 

bn e rs, rt, offset 

5 

1 

1 ^ 

1 offset 

Equal 

Branch the number of instructions specified by offset if rs does not equal rt 


Branch on Less 

biz rs, rt, offset 

1 

rs 

0 

offset 

than Zero 

Branch the number of instructions specified by offset if rs is less than zero 


Branch on Less 

blez rs, rt, offset 

6 

1 

0 

1 offset 

than or Equal to 

Branch the number of instructions specified by offset if rs is 

less than or equal to zero 


Branch on 

bgz rs, rt, offset 

7 


0 

1 offset 

Greater than 

Branch the number of instructions specified by offset if rs equals rt 


Branch on 

bgez rs, rt, offset 

1 

rs 

1 

offset 

Greater than or 

Branch the number of instructions specified by offset if rs is greater than or equal to zero 


Load Word 

Iwrt, address 

35 

1 

1 ^ 

1 offset 

Load the word at address into register rt. 


Store Word 

sw rt, address 

43 

rs 

rt 

offset 

Store the word in rtto address. 


Jump 

j target 

2 

target 

Unconditionally jump to the instruction located at target 
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